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(54) Printing method and apparatus 

(57) In a printing method which can suppress half 
band irregularity caused by 2-pass printing and imple- 
ment high-image-quality printing, image data is distrib- 
uted into two sets of data for front and rear heads, and 
each distributed data is distributed into two sets of data, 



i.e., forward print data and backward print data, thereby 
allowing 4-pass printing. An image on one line in the 
main scanning direction is formed by a total of four scan- 
ning operations, i.e., reciprocal printing by the front head 
(22) and reciprocal printing by the rear (23) printhead. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0001] The present invention relates to a printing 
method and apparatus, e.g., a color printer, for printing 
an image on a printing medium. 

DESCRIPTION OF THE RELATED ART 

[0002] Conventional ly, printing apparatuses designed 
to print images on printing paper and/or cloth by dis- 
charging ink from nozzles of printing elements of print- 
heads have been known. Efforts have been made to im- 
prove image quality and increase printing speed by var- 
ious methods. 

[0003] As such a method, a technique of implement- 
ing high-speed printing by reciprocal printing with two- 
stage printheads arranged in the print media convey di- 
rection and improving image quality by using sequential 
multiscan (SMS) has been proposed (Japanese Patent 
Laid-Open No. 9-70990). 

[0004] According to the above prior art, each of the 
two-stage printheads arranged in the print media con- 
vey direction is scanned once to form 1-line pixels (this 
operation will be referred to as 2-pass printing hereinaf- 
ter). As shown in Fig. 22, therefore, there are four types 
of half bands (half of the head size) on printing paper, 
namely half band 1 printed by forward scanning of the 
first and second heads : half band 2 printed by forward 
scanning of the first head and backward scanning of the 
second head, half band 3 printed by backward scanning 
of the first and second heads, and half band 4 printed 
by backward scanning of the first head and forward 
scanning of the second head. 

[0005] Printing is repeated in a cycle of a set of these 
four types of half bands, i.e., a total of two bands. 
[0006] In general, landing states (landing positions, 
dot sizes, dot shapes, and the like) of dots in forward 
printing and backward printing differ from each other 
due to satellites or subdroplets from the heads. The 
above four types of half bands therefore have their indi- 
vidual characteristics in printing. Since nozzles (four 
nozzles) for printing half bands are repeatedly combined 
in units of two bands, half band irregularity occurs. 
[0007] In addition, to improve image quality and in- 
crease printing speed, a plurality of (e.g., two) identical 
printheads may be disposed in the moving direction of 
the carriage, and one line (band) may be formed by us- 
ing a plurality of printheads. 

[0008] Referring to Fig. 23, a 1 -line image is formed 
by 2-pass printing, i.e. : reciprocally scanning each of 
two printheads, spaced apart from each other in the car- 
riage moving direction. In this case, two types of single 
bands (each corresponding to the head size) are 
present on printing paper, namely band 1 printed by for- 



2 

ward scanning of the first head and forward scanning of 
the second head, and band 2 printed by backward scan- 
ning of the first head and forward scanning of the second 
head. 

5 [0009] Printing is repeated in cycles of one pair of 
these two types of single bands, i.e., a total of two 
bands. 

[0010] In the above case, since landing states of dots 
in forward printing and backward printing differ from 
each other due to satellite dots or the like from the print- 
heads, the above two types of bands have their individ- 
ual-characteristics 1 in* printing. When combinations (two 
combinations) of nozzles for printing 1 -band images in 
units of two bands are repeated, 1-band irregularity oc- 
curs. 

SUMMARY OF THE INVENTION 

[0011] The present invention has been made to solve 
the above problem in the prior art, and has as its object 
to provide a printing method which can suppress half 
band irregularity or 1-band irregularity and implement 
high-image-quality, high-speed printing, and a printing 
apparatus using the method. 

[0012] According to the present invention, there is 
provided a printing method for performing printing on a 
printing medium by using a first printhead having a plu- 
rality of printing elements and a second printhead hav- 
ing a plurality of printing elements for performing printing 
of the same color as that performed by the first print- 
head, comprising: 

the first print step of scanning the first printhead; 
the second print step of scanning the first printhead 
in a direction opposite to the scanning direction in 
the first print step; 

the third print step of scanning the second print- 
head; 

the fourth print step of scanning the second print- 
head in a direction opposite to the scanning direc- 
tion in the third print step; and 
the convey step of conveying the printing medium 
during the first, second, third, and fourth print steps, 

wherein an image in a predetermined area within 
a band formed by one scanning operation by all the 
printing elements of the first or second printhead is 
formed through the first to fourth print steps. 
[0013] According to the present invention, there is 
provided another printing method of performing printing 
on a printing medium by reciprocally scanning a first 
printhead having a plurality of printing elements and a 
second printhead having a plurality of printing elements 
for performing printing of the same color as that per- 
formed by the first printhead, comprising: 

the distribution step of distributing image data print- 
ed in a predetermined area within a band formed by 
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one scanning operation by all the printing elements 
of the first or second printhead, of all image data to 
be printed on the printing medium, as first data to 
be printed by the first printhead and second data to 
be printed by the second printhead; and s 
the extraction step of extracting third and fourth data 
respectively used for forward printing and backward 
printing by the first printhead from the first data, and 
fifth and sixth data respectively used for forward 
printing and backward printing by the second print- 
head from the second data. 

[0014] In addition, according to the present invention, 
there is provided a printing apparatus for performing 
printing on a printing medium by reciprocally scanning 
a first printhead having a plurality of printing elements 
and a second printhead having a plurality of printing el- 
ements for performing printing of the same color as that 
performed by the first printhead, comprising: 

distribution means for distributing all image data to 
be printed on the printing medium as first data to be 
printed by the first printhead and second data to be 
printed by the second printhead; and 
extraction means for extracting third and fourth data 
respectively used for forward printing and backward 
printing by the first printhead from the first data, and 
fifth and sixth data respectively used for forward 
printing and backward printing by the second print- 
head from the second data, 

wherein 4-pass printing is performed to form an 
image in a predetermined area within a band formed by 
one scanning operation by all the printing elements of 
the first or second printhead by printing the third, fourth, 
fifth, and sixth data.. 

[0015] In this case, when all the image data are divid- 
ed into print data and non-print data : it is preferable that 
the distribution means uniformly distribute the print data 
as the first and second data. 

[0016] In addition, preferably, the extraction means 
extracts data by using a first mask in which areas to be 
allocated to the third and fourth data of the first data are 
predetermined and a second mask in which areas to be 
allocated to the fifth and sixth data of the second data 
are predetermined. 

[0017] Furthermore, preferably, the extraction means 
converts image data in an area allocated to the fourth 
data into non-print data on the basis of the first mask 
when extracting the third data from the first data, con- 
verts image data in an area allocated to the third data 
into non-print data on the basis of the first mask when 
extracting the fourth data from the first data, converts 
image data in an area allocated to the sixth data into 
non-print data on the basis of the second mask when 
extracting the fifth data from the second data, and con- 
verts image data in an area allocated to the fifth data 
into non-print data on the basis of the second mask 



when extracting the sixth data from the second data. 
[0018] Preferably, the extraction means reads out no 
image data in an area allocated to the fourth data on the 
basis of the first mask when extracting the third data 
from the first data, reads out no image data in an area 
allocated to the third data on the basis of the first mask 
when extracting the fourth data from the first data, reads 
out no image data in an area allocated to the sixth data 
on the basis of the second mask when extracting the 
fifth data from the second data, and reads out no image 
data in an area allocated to the fifth data on the basis of 
the^ second mask when extracting the sixth data-fronrv 
the second data. 

[0019] Preferably, each of the first and second print- 
heads includes a plurality of printing elements, and 

the apparatus further comprises time-division 
driving means for simultaneously driving printing ele- 
ments of the plurality of printing elements at intervals of 
2 n printing elements, and driving a second group of 
printing elements each located at a ((2 n /2 + 1 ) + 2 n x i) 
th (where n and i are integers, and n > 0) position with 
respect to an arbitrary one of a first group of printing 
elements continuously after the first group of printing el- 
ements are driven. 

[0020] Preferably, the apparatus can perform 2-pass 
printing in which the first data is printed by scanning the 
first printhead in a single direction and the second data 
is printed by scanning the second printhead in a single 
direction, and 

further comprises selection means for selecting a 
2-pass mode of performing the 2-pass printing or a 
4-pass mode of performing the 4-pass printing. 
[0021] Preferably, the apparatus further comprises: 

scanning control means for switching scanning 
speeds of the printhead in accordance with the 
mode selected by the selection means; 
convey control means for controlling conveyance of 
the printing medium in accordance with the mode 
selected by the selection means; 
image processing means for switching processing 
speedsAransfer times of image data in accordance 
with the mode selected by the selection means; and 
divisional driving control means for switching divi- 
sional driving control on the printhead in accord- 
ance with the mode selected by the selection 
means. 

[0022] Moreover, according to the present invention, 
there is provided a computer-readable memory storing 
a control program for a printing apparatus for performing 
printing on a printing medium by reciprocally scanning 
a first printhead having a plurality of printing elements 
and a second printhead having a plurality of printing el- 
ements for performing printing of the same color as that 
performed by the first printhead, comprising: 

a program module for the distribution step of distrib- 
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uting image data printed on lines in the respective 
scanning directions of the printheads, of all image 
data to be printed on the printing medium, as first 
data to be printed by the first printhead and second 
data to be printed by the second printhead; and 
a program module for the extraction step of extract- 
ing third and fourth data respectively used for for- 
ward printing and backward printing by the first 
printhead from the first data, and fifth and sixth data 
respectively used for forward printing and backward 
printing by the second printhead Irom the second 
date':* 

[0023] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

Fig. 1 A is a view for explaining a method of distrib- 
uting data in a printing apparatus according to a em- 
bodiment of the present invention; n 
Figs. 1 B and 1 C are views showing masks used in 
an output control unit 34 of the printing apparatus 
according to the embodiment of the present inven- 
tion; 

Figs. 2A to 2E are views for explaining a divisional 
driving scheme of the printing apparatus according 
to the embodiment of the present invention; 
Fig. 3 is a timing chart for explaining a divisional 
driving scheme for high-speed printing in the print- 
ing apparatus according to the embodiment of the 
present invention; 

Fig. 4 is a block diagram showing the main part of 
the printing apparatus according to the embodiment 
of the present invention; 

Fig. 5 is a block diagram showing the main part of 
an image processing unit in the printing apparatus 
according to the embodiment of the present inven- 
tion; 

Fig. 6 is a sectional view showing the outer appear- 
ance of the main mechanical arrangement of the 
printing apparatus according to the embodiment of 
the present invention; 

Fig. 7A is a view showing the relationship between 
the printing paper convey direction and the print- 
heads scanning direction according to the embodi- 
ment of the present invention; 
Fig. 7B is a view showing the relative positional re- 
lationship between the printheads in the 2-pass 
print mode and the unit of conveyance of printing 
paper according to the embodiment of the present 
invention; 

Fig. 8 is a timing chart for explaining SMS process- 



ing according to the embodiment of the present in- 
vention; 

Fig. 9 is a circuit diagram showing an SMS process- 
ing unit according to the embodiment of the present 

5 invention; 

Fig. 10 is a timing chart for explaining image data 
distribution processing in the output control unit of 
the printing apparatus according to the embodiment 
of the present invention; 

10 Fig, 11 is a circuit diagram showing an image data 
distribution circuit in the output control unit of the 
printing apparatus according to the embodiment^ of 
the present invention: 

Figs. 1 2A to 1 2E are views for explaining the flows 
is of image data in 2-pass print mode in the printing 
apparatus according to the embodiment of the 
present invention; 

Fig. 13A is a timing chart showing 2-pass print op- 
eration in the interval between the start of printing 
20 and printing of the fourth band in the printing appa- 

ratus according to the embodiment of the present 
invention; 

Fig. 1 3B is a timing chart showing 2-pass print op- 
eration in the interval between printing of the fourth 
25 band and the end of printing in the printing appara- 
tus according to the embodiment of the present in- 
vention; 

Figs. 14A to 14E are views for explaining the flows 
of image data in a 4-pass print mode in the printing 
30 apparatus according to the embodiment of the 
present invention; 

Fig. 1 4F is a view showing how the printing appa- 
ratus according to the embodiment of the present 
invention performs printing in the 4-pass print 

35 mode; 

Fig. 15A is a timing chart showing 4-pass print op- 
eration in the interval between the start of printing 
and printing of the fourth band in the printing appa- 
ratus according to the embodiment of the present 

40 invention; 

Fig. 15B is a timing chart showing 4-pass print op- 
eration in the interval between the start of printing 
and printing of the fourth band in the printing appa- 
ratus according to the embodiment of the present 

45 invention; 

Fig. 15C is a timing chart showing 4-pass print op- 
eration in the interval between printing of the fourth 
band and the end of printing in the printing appara- 
tus according to the embodiment of the present in- 

50 vention; 

Fig. 15D is a timing chart showing 4-pass print op- 
eration in the interval between printing of the fourth 
band and the end of printing in the printing appara- 
tus according to the embodiment of the present in- 

55 vention; 

Fig. 16 is a block diagram showing part of the inter- 
nal arrangement of a printhead used in the printing 
apparatus according to the embodiment of the 
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present invention; 

Fig. 17 is a timing chart for explaining control on 
each printhead in the printing apparatus according 
to the embodiment of the present invention; 
Fig. 1 8 is a timing chart for explaining divisional driv- 5 
ing in control operation for the printheads in the 
2-pass mode or 4-pass mode in the printing appa- 
ratus according to the embodiment of the present 
invention; 

Figs. 19A to 19E are circuit diagrams showing a 10 
control circuit for divisional driving in control opera- 
tiorrfoHhe printheads in the 2-pass mode or 4-pass 
mode in the printing apparatus according to the em- 
bodiment of the present invention; 
Fig. 20 is a circuit diagram showing a control circuit is 
for divisional driving in control operation for the 
printheads in the high-speed 4-pass mode in the 
printing apparatus according to the embodiment of 
the present invention; 

Fig. 21 is a block diagram showing a control circuit 20 
for divisional driving in control operation for the 
printheads in the high-speed pass mode in the print- 
ing apparatus according to the embodiment of the 
present invention; and 

Fig. 22 is a view showing how the printing apparatus 2s 
according to the prior art performs printing in the 
2-pass print mode. 

Fig. 23 is a view showing how the printing apparatus 
according to the prior art performs printing in the 
2-pass print mode. 30 
Fig. 24 is a view showing the arrangement of the 
printheads according to the embodiment of the 
present invention. 

Fig. 25 is a view showing how the printheads ar- 
ranged as Fig. 24 perform printing in the 4-pass 35 
prind mode. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

40 

[0025] The preferred embodiments of the present in- 
vention will be described in detail below with reference 
to the accompanying drawings. Note that the present 
invention is not limited to the constituent elements, the 
relative positions of program modules, numerical values 45 
of resolutions, and the like described in the embodi- 
ments unless otherwise specified. 
[0026] An outline of a printing apparatus according to 
a preferred embodiment of the present invention will be 
described in detail below with reference to Figs. 4 to 7. so 
The printing apparatus according to this embodiment 
has two printheads arranged in the paper convey direc- 
tion for the same ink color and performs reciprocal print 
operation. In addition, this apparatus distributes data to 
two printheads disposed for the same ink color by SMS ss 
(Sequential MultiScan) scheme, and further distributes 
the data as forward print data and backward print data 
by using a mask, thereby printing one line in ink dis- 
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charged from four different nozzles (this operation will 
be referred to as 4-pass printing hereinafter) This print- 
ing apparatus, in particular, is designed to selectively 
perform 2-pass printing and 4-pass printing. 
[0027] SMS functions to reduce density irregularity 
due to the individual characteristics of the nozzles and 
making the frequencies of use of the two heads uniform. 
In SMS process, print data (excluding blank portions) is 
divided into two portions to be distributed to the multiple 
printheads, and each printhead performs printing at a 
half print density, thereby finally forming an image at a 
desired* print density:* ■ 

<Overall Arrangement of Printing Apparatus> 

[0028] Fig. 4 is a block diagram showing the concep- 
tual arrangement of the printing apparatus according to 
the embodiment of the present invention. 
[0029] Referring to Fig. 4, reference numeral 1 de- 
notes an external device such as a host computer, which 
exchanges image data, various data/commands, and 
the like with a printing apparatus (to be referred to as a 
printer hereinafter) 2. 

[0030] The printer 2 includes an interface unit (to be 
referred to as an l/F unit hereafter) 4 for performing com- 
munication control on data, commands, and the like with 
the external device 1; a control unit 5 (mainly incorpo- 
rating a CPU, program ROM, RAM for a work area, and 
the like) for analyzing received data/commands and the 
like and performing overall operation control on the 
printer 2; a display/operation unit 6 (made up of a display 
unit such as an LCD, operation unit such as key switch- 
es, and the like) serving as an interface for the operator 
of the printer 2; an image processing unit 11 for storing 
input image data and converting image data in accord- 
ance with the characteristics of the printer 2; a carriage 
unit 18 having a head and driving unit for the head; a 
carriage motor 1 5 as a driving source for moving the car- 
riage unit 18; a carriage motor driving unit 14 for per- 
forming driving control on the carriage motor 1 5; a con- 
vey motor 17 as a driving source for moving a printing 
medium such as print paper or cloth; a convey motor 
driving unit 16 for performing driving control on the con- 
vey motor 17; and an encoder unit 8 for generating puls- 
es in accordance with the movement of the carriage unit 
18 and inputting them to the image processing unit 11 
to establish synchronization with the transfer of image 
data. The l/F unit 4 and control unit 5 are included in a 
CPU control unit 3. 

[0031] The carriage unit 18 has a front head unit 12 
placed upstream in the convey direction of a recording 
medium and a rear head unit 13 placed downstream. 
These head units respectively have printheads 22 and 
23 for discharging various types of print inks and head 
driving units 20 and 21 for driving the printheads 22 and 
23 in accordance with image signals. In general, each 
head unit has printheads equal in number to colors to 
be output. For example, each head unit may have four 
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printheads for Y, M, C, and Bk or may additionally have 
four printheads for special colors (e.g., metallic colors 
such as golden and silver and vivid red and blue) that 
are impossible or difficult to express by Y, M, C, and Bk, 
i.e., a total of eight printheads. Each head unit may have 
more printheads. In addition, the printing apparatus to 
which the present invention can be applied is not limited 
to a color printer. The present invention can therefore 
be applied to a monochrome printer having one print- 
head. 

[0032] As an example of such a printing apparatus, a 
printing apparat us having 1 eight printheads*22 and eight 
printheads 23 will be described below. 

<Mechanical Arrangement of Printing Apparatus> 

[0033] Fig. 6 shows the mechanical arrangement of 
the printing apparatus, centered on the carriage unit 1 8. 
Referring to Fig. 6, reference numeral 19 denotes print- 
ing paper as a printing medium; 200, a convey unit for 
conveying the printing paper 19; 201, a printer unit for 
performing print operation; and 202, a paper discharge 
unit for stocking sheets of printed printing paper 19. In 
the components of the convey unit 200, reference nu- 
meral 203 denotes a paper supply roller around which 
the printing paper 1 9 is wound; 204 and 205, press roll- 
ers; 206, a driving roller; 207 and 208 : platen units for 
keeping the printing unit flat; 209, a press roller; 210, a 
driving roller; 211, a cutting unit for cutting the printing 
paper 1 9; 21 2, press rollers for the cutting unit 21 1 ; and 
21 3, support rails on which the carriage unit 1 8 is placed 
and supported. The driving rollers 206 and 210 obtain 
driving forces from the convey motor 17 (Fig. 4) as a 
driving source through a transmission mechanism such 
as a belt (not shown). The carriage unit 18 is translated 
on the support rails 213 by the carriage motor 15 (Fig. 
4). The encoder unit 8 is made up of a linear encoder 
(not shown), placed horizontally in the moving direction 
of the carriage unit 18, and a detection circuit. The driv- 
ing unit of the carriage unit 18 is coupled to the linear 
encoder. 

[0034] The printing paper 1 9 is unreeled upon rotation 
of the paper supply roller 203 and conveyed in substan- 
tially the horizontal direction by the convey unit 200 
placed at a position to face the printer unit 201 through 
the press rollers 204 and 205. The printing paper 19 is 
then cut in a predetermined length and discharged into 
the paper discharge unit 202. 

[0035] The printer unit 201 applies a print liquid onto 
the printing paper 1 9 conveyed in this manner within the 
area between the platen units 207 and 208. 
[0036] The carriage unit 18 of the printer unit 201 is 
scanned in a direction different Irom the convey direc- 
tion (sub-scanning direction) of the printing paper 19, e. 
g., in the widthwise direction of the printing paper 19 
which is perpendicular to the convey direction. 
[0037] This embodiment uses an ink-jet head as a 
printhead, e.g., a bubble-jet head proposed by CANON 



INC., which has a heating element for generating heat 
energy that causes film boiling in ink as energy used to 
discharge ink. This printhead is used while the orifices 
as printing agent applying elements face down with re- 
s spect to the printing paper conveyed in substantially the 
horizontal direction by the convey unit 200, without any 
water head difference between the orifices, so as to 
make discharging conditions uniform, thereby realizing 
excellent image formation. This also allows uniform res- 
10 toration processing for all the orifices. 

[0038] Fig. 7A shows the relative positions of the front 
and rear head*units«1 2 ancM 3 and the printing paper 1 9 
when viewed from the direction indicated by an arrow P 
in Fig. 6. As shown in Fig. 7A, the convey direction of 
15 the printing paper 1 9 is defined as the sub-scanning di- 
rection, and the scanning direction in which the carriage 
unit 18 is conveyed is defined as the main scanning di- 
rection. The front head unit 12 has printheads F1 to F8, 
and the rear head unit 13 has printheads R1 to R8. 
20 [0039] Letting D be the inter-unit gap between the 
printheads F1 to F8 and the printheads R1 to R8, and 
H be the print width (sometimes referred to as a band 
width) of each printhead, the relationship between D and 
H is given by 

25 

D = (n + 1/2) x H (where n is an integer) 

[0040] As shown in Fig. 7B, therefore, when the print- 
30 ing paper 1 9 is conveyed one band width at a time with 
respect to the carriage unit 18, the print boundaries of 
the printheads R1 to R8 are respectively located in the 
middles of the intervals between the print boundaries of 
the printheads F1 to F8 (Fig. 7B shows only one print- 
35 head for the sake of clarity). This arrangement makes 
various errors about the conveyance of printing paper 
and connection stripes (gaps or overlaps) due to ink 
blurring and the like unrecognizable. The above value 
n can be an arbitrary integer. In the following description, 
40 for instance, n - 2 is assumed, therefore inter-unit gap 
D = 2.5xH. 

[0041] The distance between the printheads of the 
same head unit (the distance in the main scanning di- 
rection) is called a head gap, which is represented by d. 
45 The print width in the main scanning direction is repre- 
sented by W. 

[0042] As described above, the printer 2 has two head 
units and performs print operation by the SMS. In this 
case, print data (excluding blank portions) is divided into 
50 two portions to be distributed to the printheads F1 to F8 
of the front head unit 1 2 and the printheads R1 to R8 of 
the rear head unit 13. 

[0043] Each head unit of the printer 2 is designed to 
perform reciprocal print operation. Every time each 
55 head unit completes 1 -band printing, it performs printing 
in the opposite direction. 
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<Sequence in Printing Apparatus> 

[0044] Referring back to Fig. 4, the operation of the 
printing apparatus based on the above mechanical ar- 
rangement will be described below. 
[0045] When the power switch of the printer 2 is 
turned on, the control unit 5 performs initial checks and 
initialization of various types of hardware, e.g., the in- 
ternal RAM and I/O unit, display/operation unit 6, l/F unit 
4, and image processing unit 11 , and performs mechan- 
ical initialization. More specifically, in mechanical initial- 
ization Mfre control unit- 5 moves the carriage unit" 18 to * 
a predetermined HP (Home Position) by driving the car- 
riage motor 15 and a restoration system unit (not 
shown), and also drives the restoration system unit (the 
mechanism arranged around the printheads to prevent 
clogging of the printheads 22 and 23 and the like) to 
forcibly discharge and draw ink by suction. The control 
unit 5 then activates (enables) the interface between the 
l/F unit 4 and the host computer 1 and displays a mes- 
sage, e.g., "READY", which notifies that the preparation 
for print operation is complete, on the display/operation 
unit 6. In this state, the control unit 5 is waiting for an 
input from the host computer 1 or display/operation unit 
6, and is also monitoring the occurrence of various types 
of errors. If an error occurs in this state, the control unit 
5 performs error processing. 

[0046] When the l/F unit 4 receives an input from the 
host computer 1 , the control unit 5 checks whether the 
input command is a transfer command, print command, 
or another command, and performs processing, e.g., 
setting and operation corresponding to the input com- 
mand. The control unit 5 directly receives a command 
input from the display/operation unit 6, and performs 
similar processing. 

[0047] If the input command is an image transfer com- 
mand, the control unit 5 checks whether the data can 
be input, and sets the image processing unit 11 in the 
input mode. Thereafter, the control unit 5 stores image 
data and color arrangement information (to be referred 
to as a palette table) 

[0048] If the input command is a print command, the 
control unit 5 checks that the preparation for print oper- 
ation using the printer 2 is complete, performs predeter- 
mined settings in the respective units such as the image 
processing unit 11 , designates the start of print opera- 
tion, and prints an input image. In this case, the settings 
include settings of a print mode (2-pass print mode, 
4-pass print mode, high-speed 4-pass mode, or the like) 
and a parameter set in the image processing unit 11 , e. 
g., an image print size (width and length). 
[0049] More specifically, the control unit 5 performs 
printing with the band width H while moving the carriage 
unit 18 in the main convey direction by rotating the car- 
riage motor 15 in the normal direction through the car- 
riage motor driving unit 14. The control unit 5 also con- 
veys the printing paper 1 9 by the band width H by driving 
the convey motor 17 through the convey motor driving 
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unit 16. This operation is called 1-band print operation. 
During this operation, 1 -band image data read out from 
the image memory in the image processing unit is con- 
verted and sent to the head driving units 20 and 21 . The 
s head driving units 20 and 21 drive the printheads 22 and 
23 in accordance with the received image data to make 
them discharge ink, thus forming an image on the print- 
ing paper 19. 

[0050] Every time 1-band printing is complete, the 
io control unit 5 checks whether all the designated image 
data are printed. If all the data are printed, the flow re- 
turns to thestep of waiting s for an 'input: The print oper- 
ation is not complete, the control unit 5 performs print 
operation of the next band. 
is [0051] If the input command is another command, the 
control unit 5 performs processing in accordance with 
the command. For example, a change command for 
changing various print modes is prepared to allow the 
user to select an image quality priority mode (4-pass 
20 printing), print speed priority mode (2-pass printing), ink 
saving mode, or the like. 

<Arrangement of Image Processing Unit 11 > 

25 [0052] Processing in the image processing unit 11 of 
the printer 2 upon reception of a print command will be 
described next. 

[0053] Fig. 5 is a block diagram for explaining the in- 
ternal arrangement of the image processing unit 11 and 

30 processing therein. Referring to Fig. 5, reference nu- 
meral 30 denotes an image memory unit in/from which 
image data is stored/read out; 31, a multilevel/binary 
conversion unit for binarizing image data PLT from the 
image memory unit 30 and outputting binary image data 

35 C1 to C8 of each color; 32, an SMS processing unit for 
distributing the binary image data C1 to C8 to the front 
head unit 12 and rear head unit 13 (this operation is 
called SMS processing), and outputting image data FL1 
to FL8 for Iront-side printing and image data RL1 to RL8 

40 for rear-side printing; 33, a registration unit for tempo- 
rarily storing the image data having undergone SMS 
processing and outputting image data FC1 to FC8 for 
front-side printing and image data RC1 to RC8 for rear- 
side printing which are read out at predetermined tim- 

45 jngs; and 34, an output control unit capable of converting 
the data FC1 to FC8 and RC1 to RC8 having undergone 
registration into image data FFW1 to FFW8 and RFW1 
to RFW8 for the forward print operation of the respective 
printheads and image data FBW1 to FBW8 and RBW1 

so to R8W8 for the backward print operation of the respec- 
tive printheads when 4-pass printing is to be performed. 
When 2-pass printing is to be performed, the output con- 
trol unit 34 converts the data FC1 to FC8 and RC1 to 
RC8 having undergone registration into data FH1 to 

55 FH8 and RH1 to RH8 for the printheads. 

[0054] More specifically, the image memory unit 30 is 
designed to store the image data PLT at 8 bits/pixel, and 
stores image data of a basic size. The image memory 
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unit 30 also has the functions of repeatedly outputting 
identical data in the main scanning direction and sub- 
scanning direction and enlarging data. The image data 
PLT is generated by coding an ink color arrangement. 
This image data is sequentially read out in units of pixels 
in the min scanning direction with the upper left point of 
the image serving as the origin. 

[0055] The multilevel/binary conversion unit 31 in- 
cludes a palette conversion unit for converting the input 
data PLT as code data into the ink color data C1 to C8, 
an output gamma conversion unit, a head density cor- 
reetiof>-tmit'(tO'be referred^O'a© ? an HS unit hereinafter), 
and a binary conversion unit. The image data are proc- 
essed in the order named. The multilevel/binary conver- 
sion unit 31 converts the code data PLT into the ink color 
data C1 to C8 on the basis of the color arrangement in- 
formation (palette table) stored in the LUT (Look-Up Ta- 
ble) of the palette conversion unit. 
[0056] The registration unit 33 includes a connection 
memory unit (constituted by an SIM module and the like) 
for compensating for the inter-unit gap D between the 
front head unit 1 2 and the rear head unit 13 and a mem- 
ory control unit for controlling read/write operation of the 
join memory unit. Read and write accesses to the join 
memory unit can be simultaneously performed by inde- 
pendently addressing the memory unit. The registration 
unit 33 also adjusts the read timing of the memory con- 
trol unit. Data are sequentially written in the connection 
memory unit in the raster direction with the upper left 
end serving as the origin Data are sequentially read out 
from the connection memory unit in the nozzle array di- 
rection of the printheads (the direction opposite the re- 
cording paper covey direction). For reciprocal printing, 
the origin in a read is set on the upper left end in forward 
print operation (FW) and on the upper right end in back- 
ward print operation (BW). 

<SMS processing> 

[0057] A method of distributing image data in the SMS 
processing unit 32 and the output control unit 34 in Fig. 
5 will be described in detail next with reference to Figs. 
1Ato 1C. 

[0058] Fig. 1 A is a view for explaining a method of dis- 
tributing the image data stored in the image memory unit 
30 to the respective heads. Consider the image data C1 
of a given color and the printheads F1 and R1 corre- 
sponding to the image data C1. Image data of other 
colors can be processed in the same manner as that 
described above. 

[0059] For the sake of simplicity, Fig. 1A shows the 
distribution of the image data of an 8 x 8-pixel area. 
[0060] When image data are distributed, print dots are 
distributed to perform multipass printing. In multipass 
printing, a predetermined area, e.g., one line within one 
band, i.e., an area formed by scanning all the printing 
elements of a printhead once in the main scanning di- 
rection, is printed by performing scanning operation a 



plurality of number of times. When for example, one line 
in the main scanning direction is printed by a plurality of 
nozzles of an ink-jet head, the individual characteristics 
of nozzles are made more uniform than when one line 

s is printed by one nozzle. That is, multipass printing aims 
at preventing variations in the densities of lines due to 
variations in the sizes of ink droplets discharged from 
nozzles or variations in ink discharging direction. Since 
one line is formed by a plurality of nozzles, density ir- 

10 regularity is reduced by using the random nozzle char- 
acteristics of the respective ink jet heads. Multipass print 
^ modes are* classified into various types offprint- modes 
according to the number of passes (the number of noz- 
zles for printing one line). In this image processing unit 

*s 11 , the SMS processing unit 32 divides image data into 
two data to the heads F1 and R1 , and the output control 
unit 34 further divides the distributed image data FC1 
and RC1 into two data, i.e., forward print data and back- 
ward print data. As a consequence, 4-pass printing can 

20 be performed. 

[0061] A method of distributing image data in the SMS 
processing unit 32 will be described. 
[0062] Referring to Fig. 1 A, the SMS processing unit 
32 divides the binary data C1 (each black pixel repre- 
ss sents "1" (indicating that ink is discharged), and each 
white pixel represents n 0" (indicating that no ink is dis- 
charged)) from the multilevel/binary conversion unit 31 
into the image data FC1 (the pixels indicated by the ob- 
lique lines that slant to the lower right) for the head F1 

30 and image data RC1 (the pixels indicated by the oblique 
lines that slant to the upper right) for the head R1 . 
[0063] The above data are distributed in the following 
order. The data of the pixels to be printed (dots) is se- 
quentially and alternately distributed to the image data 

35 FC1 and the image data RC1, in the carriage moving 
direction with the upper left point serving as the origin. 
When the distribution of data for one line (first raster) in 
the main scanning direction (X direction) is complete, a 
shift is made by one line in a direction (Y direction) op- 

40 posite the sub-scanning direction, and the dots on the 
next raster (second raster) are distributed in the same 
manner as described above. In this case, however, the 
distribution destination of the start pixel is changed from 
that of the start pixel of the first raster (i.e., if the start 

45 pixel of the first raster is distributed to the head F1 , the 
start pixel of the second raster is distributed to the head 
R1). The distribution destination of the start pixel of the 
third raster is the same as that of the start pixel of the 
first raster. The above processing is performed for the 

50 entire image. 

[0064] Assume that the carriage moving direction is 
the X direction, and a direction opposite to the printing 
paper convey direction is the Y direction with the upper 
left point serving as the origin. In this case, when each 

55 pixel is expressed by the (X, Y) coordinate system, the 
origin pixel (0, 0), pixel (2, 0), and pixel (5, 0) of the first 
raster are distributed to the head F1, and the pixel (1 , 
0) and pixel (3, 0) of the first raster are distributed to the 
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head R1 . The pixels of the third and subsequent rasters 
are distributed in the same manner. Of the print dots 
(print data) corresponding to the 27 pixels in the 8 x 
8-pixel area, 15 pixels are distributed to the head F1, 
and 12 pixels are distributed to the head R1. 
[0065] A detailed example of the arrangement ol the 
SMS processing unit 32 will be described next. 
[0066] Fig. 8 is a timing chart showing how the SMS 
processing unit 32 distribute the image data in Fig. 1 A. 
[0067] Fig. 9 shows an example of the circuit of the 
SMS processing unit 32. 

[0068] As*shownHn»Fig<*8< thebinary data C1 from the* 
multilevel/binary conversion unit 31 becomes effective 
when both sync signals BVE1 and VE1 are at HIGH (al- 
so expressed as "1 "). One interval during which the sig- 
nal VBE1 is HIGH includes 1 -band image data, and one 
interval during which both the signals BVE1 and VE1 
are at HIGH includes 1 -raster image data. The sync sig- 
nals BVE1 and VE1 and the image data C1 are supplied 
from the multilevel/binary conversion unit 31 to the SMS 
processing unit 32 in synchronism with the leading edge 
of a clock 1T. The signal VBE1 is synchronized with the 
trailing edge of the signal VE1 . A distribution signal F/ 
R* is a signal representing that image data is distributed 
to the head F1 when it is at HIGH, and distributed to the 
head R1 when it is at LOW (also expressed as "0 M ). 
[0069] Referring to Fig. 9, reference numerals 40 to 
47 denotes flip-flops (to be referred to as F/Fs hereinaf- 
ter); 48 and 49, AND circuits; and 50, an inverter. The 
F/F 40 outputs "1 " when BVE1 = 0, and is synchronized 
with the trailing edge of the signal VE 1 . The output from 
the F/F 40 is input to the F/F 41 . The signal from the F/ 
F 41 is synchronized with the leading edge of the clock 
1 T and output as the distribution signal F/R*. That is, on 
the first raster immediately after BVE = 1 , F/R* = 1 when 
the output from the F/F 40 is "1 ". 
[0070] The distribution signal F/R* and an inverted 
signal of the distribution signal F/R* are respectively AN- 
Ded with the image data C1 by the AND circuits 48 and 
49, and the resultant signals are respectively synchro- 
nized with the trailing edge of the clock 1T by F/Fs 43 
and 44. These signals are respectively synchronized 
with the leading edge of the clock 1 T by the F/Fs 46 and 
47 and output as the data FL1 and RL1 . The inverted 
output from the F/F 43 is synchronized with the clock 1 T 
by the F/F 45 and input to the clear terminal (CLR*) of 
the F/F 41 . The inverted output from the F/F 44 is syn- 
chronized with the clock 1T by the F/F 42 and input to 
the preset terminal (PR*) of the F/F 41 . When, therefore, 
the image data C1 is distributed to FL1, the F/F 41 is 
cleared, and F/R* = 0. When the image data C1 is dis- 
tributed to RL1 , the F/F 41 is preset, and F/R* = 1 . When 
the distribution of the data corresponding to the first 
raster is complete in SMS processing, the output from 
the F/F 40 is set at "0" at the trailing edge of the signal 
VE1 at the end of the first raster. The output F/R* from 
the F/F 41 is then set at "0" to change the distribution 
destination of the start pixel of the second raster Distri- 



bution processing is performed for the second and sub- 
sequent rasters in the same manner as that for the first 
raster, and 1 -band image data are distributed. The SMS 
processing unit 32 then outputs the distributed image 
5 data FL1 and RL1 to the registration unit 33 in synchro- 
nism with the sync signals BVE1 and VE1 and the clock 
1T 

[0071] In this manner, the 1-band image data C1 is 
divided into the front-side print image data FL1 and the 

10 rear-side print image data RL1 by the SMS processing 
unit 32. The distributed image data FL1 and RL1 are 
stored-innhe 5 registration*un#33*- These^data* are tfren f - 
read out from the registration unit 33 with delays corre- 
sponding to registration and input as the image data 

15 FC1 and RC1 to the output control unit 34. 

[0072] When 4-pass printing is to be performed, the 
output control unit 34 masks the image data FC1 with a 
head F1 mask, and the image data RC1 with a head R1 
mask, as shown in Figs. 1C and 1B. Although these 

20 masks are referred to as the head F1 mask and the head 
R1 mask, respectively, the head F1 mask is also used 
for the remaining front heads F2to F8, and the head R1 
mask is also used for the remaining rear heads R2 to R8. 
[0073] More specifically, a pixel corresponding to 

2S each white portion is passed without any change, and 
a pixel corresponding to each mesh portion is set to u 0" 
(null). The resultant data is output as first image data for 
forward printing (forward print data for each front head 
will be referred to as FFW image data, and forward print 

30 data for each rear head will be referred to as RFW image 
data). The mask is inverted to pass a pixel correspond- 
ing to each mesh portion without any change and set a 
pixel corresponding to each white portion to "0" (null). 
The resultant data is then output as second image data 

35 for backward printing (backward print data for each front 
head will be referred to as FBW image data : and back- 
ward print data for each rear head will be referred to as 
RBW print data). Referring to 

[0074] Figs. 1 B and 1 C, the head F1 mask is obtained 
40 by inverting the head R1 mask. However, the present 
invention is not limited to this, and the same mask can 
be used. 

[0075] Referring to Fig. 1 A in terms of the number of 
dots, the head F1 image data FC1 for discharging 15 

45 pixels is divided into the FFW image data for discharging 
8 pixels and the FBW image data for discharging 7 pix- 
els, whereas the head R1 image data RC1 for discharg- 
ing 12 pixels is divided into the RFW image data for dis- 
charging 7 pixels and the RBW image data for dtscharg- 

50 jng 5 pixels. 

[0076] A detailed example of the arrangement of the 
output control unit 34 will be described below. 
[0077] Fig. 10 is a timing chart of operation signals in 
a case wherein the output control unit 34 distributes the 

55 image data of the image shown in Fig. 1 A. Fig. 11 shows 
the image data distribution circuit of the output control 
unit 34. 

[0078] The image data FC1 is read out from the reg- 



> 0982143A2_I_> 



10 



17 EP 0 982 143 A2 18 



istration unit 33 in the BJ raster (a 1 -band line extending 
from the upper left end in the Y direction) direction in 
synchronism with sync signals BJ_BVE and BJ_VE1 
and distributed into the FFW image data FFW1 and the 
FBW image data FBW1 by a signal ENB equivalent to 
a mask. A signal BJ_VE1/4 is inverted every two BJ 
rasters. The signal ENB is inverted every two pixels and 
is further inverted every two rasters depending on 
whether the signal BJ_VE1/4 is "1 " or "0". ENB = 1 cor- 
responds to each white portion of the mask in Figs. 1 B 
and 1C, and ENB = 0 corresponds to each dot portion 
ofrtfoe*mask>- 

[0079] Referring to Fig. 11, reference numerals 51 
and 52 denote counters; 53 and 54, selectors; 55 and 
56, F/Fs; 57 to 60, inverters; 61, 62, and 64, AND cir- 
cuits; and 63, an OR circuit. The counter 52 frequency- 
divides the signal BJ_VE 1 by four and generates the sig- 
nal BJ_VE1/4 through the inverter 58. The signal 
BJ_VE1/4 is input to a selection terminal S of the selec- 
tor 53. The counter 51 frequency-divides the pixel clock 
1T by four and generates a signal 1T/4 through the in- 
verter 57. The signal 1T/4 and an inverted signal 1T/4* 
of the signal IT/4 are respectively input to input terminals 
A and B of the selector 53. 

[0080] In the selectors 53 and 54, Y = A when S = 1 , 
and Y = B when S = 0. Therefore, the output signal ENB 
from the selector 53 is formed as shown in Fig. 10. The 
signal ENB is inverted by the inverter 59. The signal 
ENB and an inverted signal of the signal ENB are re- 
spectively input to input terminals A and B of the selector 
54 and selected/controlled by an input signal MASK to 
a selection terminal S of the selector 54. 
[0081] The signal MASK is controlled by the CPU con- 
trol unit 3 to invert the mask. When MASK = 0, the signal 
ENB is output from an output terminal Y of the selector 
54 and input as a mask signal for generating the image 
data FFW1 to the AND circuit 62. When MASK = 1 , the 
inverted signal of the signal ENB from the output termi- 
nal Y of the selector 54 is output and input as a mask 
signal for generating the image data FBW1 to the AND 
circuit 62. The AND circuit 62 ANDs the signal from the 
output terminal Y of the selector 54, an input signal 
PASS, and the image data FC1, thereby performing 
masking processing for 4-pass printing. 
[0082] The input signal PASS is output from the CPU 
control unit 3 in accordance with the print mode input by 
the user. If PASS = 0, a selection is made to output the 
2-pass image data FC1 from the output control unit 34 
through the AND circuit 61 without performing masking 
for 4-pass printing. If PASS = 1 , a selection is made to 
output the image data FC1 for activating 4-pass printing 
from the output control unit 34 through the AND circuit 
62. 

[0083] In both 2-pass printing and 4-pass printing, im- 
age data is synchronized with the inverted signal IT* and 
the signal 1 T by the F/Fs 53 and 54 through the OR cir- 
cuit 63 and the AND circuit 64 and output as the data 
FFW1 (or FBW1 ) in synchronism with the new signal 



BJ_VE1. Referring to Fig. 10, the data FFW1 and FBW1 
are written side by side. This is because the output im- 
age data set when MASK = 0 and MASK = 1 are written 
together. However, the data FFW1 and FBW1 are not 

5 simultaneously output. 

[0084] The above description is associated with the 
image data FC1 used for printing with the head F1 . As 
shown in Figs. 1 B and 1 C, if image data are distributed 
to the head R1 by using the inverted mask, the allocation 

io of FW and BW in the MASK signal is reserved for the 
image data RC1 . That is, MASK = 1 corresponds to FW, 
and*MASK- -=■ ©*corresponds"to*BW: To implement this'* 
operation, signals MASK are independently prepared 
for the heads F1 and R1, and the CPU control unit 3 

is separately sets these signals. 

[0085] Note, however, that the registration unit 33 
controls the masks to set the origin in read operation at 
the upper left end in forward print operation and at the 
upper right end in backward print operation. To facilitate 

20 mask switching operation, the print width W may be set 
to be an integer multiple of the minimum unit of each 
mask, i.e., four pixels. In this case, the masks need not 
be switched for the heads F1 and R1 according to FW 
and BW (If two pixels are left after the print width W is 

25 divided by four, the masks must be switched for the re- 
spective heads according to FW and BW. If the print 
width W is a value other than above values, fraction 
processing is also required for the masks.) 
[0086] According to the above description, the output 

30 control unit 34 distributes image data by using the 
masks. However, the present invention is not limited to 
this. 

[0087] According to another method, when the mem- 
ory control unit is to read out image data from the con- 

35 nection memory unit of the registration unit 33, the im- 
age data of pixels to be masked are replaced with non- 
print data in accordance with mask data. In this method, 
part of the function of the output control unit 34 is trans- 
ferred to the registration unit 33. 

40 [0088] Alternatively, when the memory control unit is 
to read out image data from the connection memory unit 
of the registration unit 33, the image data of pixels to be 
masked are replaced with non-print data, without being 
read out from the connection memory unit, in accord- 

45 ance with mask data. To implement this operation, the 
memory control unit performs address control for the 
connection memory unit in accordance with the mask 
data. 



[0089] Outlines of 2-pass and 4-pass print sequences 
will be described with reference to Figs. 12Ato 15D. 
[0090] Figs. 1 2 A to 1 2E show the flows of image data 
55 inside the image processing unit 11 in 2-pass printing. 
Figs. 13A and 13B are timing charts showing 2-pass 
print operation. Figs. 14A to 14E show the flows of im- 
age data inside the image processing unit 11 in 4-pass 



so <2-Pass and 4-Pass Print Sequences> 
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printing. Fig. 14F shows how 4-pass printing is per- 
formed. Figs. 15A to 15D are timing charts showing 
4-pass print operation. 

[0091] Figs. 12A and 14A show the memory map of 
the image memory unit 30. Figs. 1 2B and 1 4B show the 
memory map of the registration unit 33 on the head F1 
side. Figs. 12C and 14C show the memory map of the 
registration unit 33 on the head R1 side. Figs. 12D and 
14D show output data from the output control unit 34. 
Figs. 12E and 14E show print data printed by the print- 
heads. 

[0092]- Tne^numbers> tt t u , n 2?, "3";. . . in the= rectangles- 
of the image memory unit 30, registration unit 33, and 
output control unit 34 represent band numbers, and the 
numbers "-1 " and "-2" in the rectangles represent upper 
and lower half bands. The numbers "1", "2", "3",... and 
the arrows on the left side of the image memory unit 
30 represent read positions (addresses) . The numbers 
"1", °2 U , "3",... and the arrows on the left side of the 
registration unit 33 represent write positions 
(addresses) . The numbers "1 M , "2", M 3V.. and the ar- 
rows n ^ n on the right side of the registration unit 33 rep- 
resent read positions (addresses) . The symbols "a" and 
"P H in the rectangles of the output control unit 34, head 
F1 , and head R1 respectively represent forward printing 
and backward printing. The letters "A" and "B n in the 
head F1 and the letters U C M and U D" in the head R1 re- 
spectively represent the upper and lower halves of the 
nozzles. 

[0093] Referring to Figs. 13Ato 15D, reference sym- 
bol PE denotes a signal representing 1 -page print oper- 
ation; RD_START, a signal representing the start of a 
read at the first band; BVE : a synch signal; MT_START, 
a signal representing the start of the first scanning op- 
eration; BAND_TOP, a signal representing a print start 
timing; and EVE_F1 to BVE_F8 and BVE_R1 to 
BVE_R8, signals representing the print operations of 
the respective printheads. The numbers in BVE, 
EVE_F1 to BVE_F8, and BVE R1 to BVE_R8 represent 
the band numbers of image data to be processed. 
[0094] Figs. 13A, 15A, and 15B are timing charts 
showing operation between the start of printing and 
printing at the fourth band. Figs. 13B, 15C : and 15D are 
timing charts showing operation between printing at the 
fourth band and the end ol printing. 
[0095] An outline of the 2-pass print sequence will be 
described first with reference to Figs. 7B and 12A to 
13B. In 2-pass printing, as shown in Fig. 7B, every time 
the carriage unit 18 (Fig. 6) is scanned, the printing pa- 
per 19 is conveyed by one band width H. 
[0096] Upon reception of a print request, the CPU 
control unit 3 checks that printing can be performed 
(checks, for example, whether image data is present in 
the image memory unit 30). The CPU control unit 3 then 
sets the signal PE at HIGH and notifies the respective 
units (the image processing unit 11 , in particular) of the 
start of printing of one page (a set of a plurality of bands). 
[0097] Subsequently, the CPU control unit 3 sets a 



read address for the first band in the image memory unit 
30, and also sets a write address for the first band and 
a read address for the first scanning operation in the 
registration unit 33. In this case, although the read ad- 

s dress for the first scanning operation from the registra- 
tion unit 33 on the head F1 side is identical to the write 
address for the first band, since inter-unit gap D = 2.5 x 
H, the read address for the first scanning operation from 
the registration unit 33 on the head R1 side is set 2.5 

10 bands before the write address for the first scann ing op- 
eration, i.e., a position corresponding to -2.5 bands. 
[0098] When the 'CPU* controhunit r 3* sets the* signal 
RD_START, which represents the start of a read at the 
first band with respect to the image memory unit 30, at 

15 HIGH (= 1 ) for a given width, the image memory unit 30 
reads out the image data PLT from the set read address 
and outputs the data to the multilevel/binary conversion 
unit 31 in synchronism with the sync signals BVE, VE, 
and 1 T. The image memory un it 30 then writes the image 

20 data obtained through the multilevel/binary conversion 
unit 31 and the SMS processing unit 32 in the registra- 
tion unit 33, starting from the set write address. 
[0099] When the CPU control unit 3 sets the signal 
MT_START, which represents the start of the first scan- 
ts ning operation with respect to the carriage motor driving 
unit 14, at HIGH (= 1) for a given width upon detecting 
the end of the read at the first band from the image mem- 
ory unit 30 at the trailing edge of the signal BVE, the 
carriage motor driving unit 14 drives the carriage motor 

30 15 to perform forward (FW) scanning once by a scan- 
ning length corresponding to the print width (X 
direction) . In this scanning operation, the carriage mo- 
tor 15 is driven with a trapezoidal waveform like a gen- 
eral stepping motor 

35 [0100] The encoder unit 8 generates phase signals A 
and B upon movement of the carriage unit 18, and out- 
puts them to the output control unit 34. The output con- 
trol unit 34 detects the position of the carriage unit 18 
from the phase signals A and B (assume that the origin 

40 is a home position HP). In this case, if the resolving pow- 
er of the encoder unit 8 is 0.5 um and the resolution of 
the printhead is 70.5 u.m, the output control unit 34 gen- 
erates a 0.5-u.m-cycle square-wave ENC_CK from the 
phase signals A and B, and detects the position of the 

45 carriage unit 18 in increments of 0.5 |im by counting 
ENC_CK with an up-down counter. The output control 
unit 34 generates a 70 .5-u.m -cycle square-wave 
ENC_VE by counting ENC_CK 141 times. The output 
control unit 34 then synchronizes the wave ENC_VE 

50 with the image clock 1T and generates a sync signal 
BASE_VE having a HIGH interval with a width corre- 
sponding to the clock 1T (corresponding to 1 ,408 pixels 
in this case) .The registration unit 33 generates a signal 
BJ_VE with a delay corresponding to registration of 

55 each printhead on the basis of this signal BASE_VE. 
[0101] When the output control unit 34 detects a pre- 
determined print start position in position detection by 
counting ENC_CK and sets the signal BAND_TOP rep- 



5 0982143A2_l_> 



12 



21 



EP0 982 143 A2 



22 



resenting the start of printing at HIGH (= 1 ) for a given 
width, the registration unit 33 generates the sync signals 
BVE F1 to BVE_F8 and BVE_R1 to BVE_R8 with delays 
corresponding to registration values such as the head 
gap d of each head. In the first scanning operation, since s 
forward (FW) printing is performed, the printheads F1 to 
F8 and R1 to R8 perform printing in ascending order 
(starting from the rightmost heads in Fig. 7A). For this 
reason, the larger the numbers (increasing toward the 
left in Fig. 7A), the longer the delays of the sync signals 10 
BVE_F1 to BVE_F8 and BVE_R1 to BVE_R8. In con- 
trast to™ this? in backward- ( BW) f printing? the smaller the 
numbers (decreasing toward the right in Fig. 7A), the 
longer the delays of the sync signals BVE_F1 to 
BVE_F8 and BVE_R1 to BVE_R8. In the first scanning is 
operation, since the head R1 prints dummy image data 
which is not effective image data, the output control unit 
34 masks 1-band image data for the head R1 . 
[01 02] Upon detection of the end of printing in the first 
scanning operation by a handshake with the output con- 20 
trol unit 34, the CPU control unit 3 sends a convey re- 
quest corresponding to one band to the convey motor 
driving unit 16. The convey motor driving unit 16 drives 
the convey motor 17 by one band to feed the printing 
paper 1 9 by one band. The carriage unit 18 is automat- 25 
ically stopped by the carriage motor driving unit 14. 
[0103] During printing in the first scanning operation, 
the CPU control unit 3 reads out image data correspond- 
ing to the second band from the image memory unit 30 
and writes it in the registration unit 33 as in the case of 30 
the first band. 

[0104] With the above processing, printing in the first 
scanning operation is complete. 

[0105] In each of the second and subsequent scan- 
ning operations, the read address in the image memory 35 
unit 30 and the read and write addresses in the regis- 
tration unit 33 are increased by one band each, and the 
same processing as that described above is performed. 
[0106] Note, however, that forward (FW) printing is 
performed at the first band, third band, fifth band,... 40 
(odd-numbered scanning), and backward (BW) printing 
is performed at the second band, fourth band, sixth 
band,... (even-numbered scanning). The output control 
unit 34 outputs/masks dummy data at the front and rear 
ends of each page in accordance with the inter-unit gap 45 
D (2.5 bands in this case) between the heads F1 and 
R1 . More specifically, in front end processing, the output 
control unit 34 outputs/masks image data for the head 
R1 for the entire bands in the first and second scanning 
operations and replaces the image data with 0 (null). In so 
rear end processing, the output control unit 34 masks a 
lower end portion of image data for the head F1 in the 
nth scanning operation (n = 4 in Figs. 12A to 12E) by a 
remainder e, masks image data for the entire bands in 
the (n+1 )th and (n+2)th scanning operations, and masks ss 
image data for the head-RI by a lower half band and 
remainder e in the (n+2)th scanning operation. 
[0107] In this manner, as shown in Figs. 12A to 12E, 



an image is formed by a combination of printing with the 
head F1 and printing with the head R1 . In this case, com- 
binations of heads and forward/backward print opera- 
tions at the first and second bands vary, and these com- 
binations repeat in a 2-band cycle. Referring to Fig. 1 2E, 
n A - a u and n D - a" are set at the (1-1 )th band; M B - a" 
and "C - p", at the (1-2)th band; "A - p M and n D - p n , at 
the (2-1 )th band; and "B - p" and "C - ct M , at the (2-2)th 
band. These settings repeat in the order named at the 
subsequent bands. To eliminate half band irregularity 
due to this repeating settings, according to the present 
invention^ 4-pass-printingis t; proposedrln ! this-embodi- 
ment, if the user requires a high priority of image quality, 
the 4-pass print mode is selected. 
[0108] This 4-pass print operation will be described 
with reference to Figs. 14A to 15D. 
[0109] Although an outline of 4-pass printing is the 
same as that of 2-pass printing, these operations have 
the following differences shown in Figs. 14A, 14B ; and 
14C. 

[0110] 1 ) A write from the image memory unit 30 into 
the registration unit 33 is not performed in odd-num- 
bered scanning operations but is performed only in 
even-numbered scanning operations (including the 0th 
scanning operation). 

[0111] 2) A read address for the first scanning opera- 
tion from the registration unit 33 on the head F1 side is 
set a half band before (-0.5 band) the write address at 
the first band, and a read address for the first scanning 
operation from the registration unit 33 on the head R1 
side is set three bands before (-3 bands) the write ad- 
dress at the first band. The read address from the reg- 
istration unit 33 is updated in units of half bands. 
[0112] 3) The number of scanning operations is 2n + 
6 where n is the number of bands of an image to be 
printed. 

[0113] 4) In front end processing, the upper half band 
in the first scanning operation of the head F1 is masked, 
together with the entire bands in the first, second, third, 
fourth, and fifth scanning operations and the upper half 
band in the sixth scanning operation of the head R1 . 
[0114] 5) In rear end processing, the remainder e in 
the (2n)th scanning operation, the half band + remainder 
e in the (2n+1)th scanning operation, and the entire 
bands in the (2n+2)th to (2n+6)th scanning operations 
of the head F1 are masked, together with the remainder 
e in the (2n+5)th scanning operation and the half band 
+ remainder e in the (2n+6)th scanning operation of the 
head R1 . 

[0115] 6) Recording paper is conveyed in units of half 
bands. 

[0116] Figs. 15A to 15D are timing charts showing 
processing at the start of printing and the end of printing 
based on the above differences. 

[0117] As described above, when reciprocal printing 
is performed by using two-stage heads, the respective 
heads can be uniformly used. In addition, since image 
data are distributed to forward printing and backward 
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printing by using the masks while the printing paper is 
conveyed in units of half bands, images on all the lines 
are formed (see Fig. 1 4F) by a combination of four scan- 
ning operations, i.e., forward printing by the front head, 
backward printing by the front head, forward printing by 
the rear head, and backward printing by the rear head, 
as shown in Figs. 14D and 14E. This operation hinders 
the differences between forward printing and backward 
printing from influencing images, and can suppress half 
band irregularity in the prior art as well as the influences 
of discharge failures of nozzles and ramp of print paper. 
[0118] In^this* embodiment, since' 4-pass* printing- is- 
performed through two steps, namely SMS processing 
and masking, the 4-pass print mode can be easily 
switched to the 2-pass print mode by only selecting the 
execution/inexecution of masking. 
[0119] In the above embodiment, two printheads for 
the same ink color are arranged in the paper convey di- 
rection. However, the present invention is not limited to 
this. 

[0120] As shown in Fig. 24, for example, two print- 
heads for the same ink color may be contiguously ar- 
ranged in the moving direction (main scanning direction) 
of the carriage (without being spaced apart from each 
other in the paper convey direction). Distribution of im- 
age data in this case will be described below. 
[0121] Referring to Fig. 24, a first head unit (front head 
unit) 12 has printheads F1 to F8, and a second head 
unit (rear head unit) 13 has printheads R1 to R8 In con- 
trast to the arrangement shown in Fig. 7A, the inter-unit 
gap D is set to "0", and the rear head unit 1 3 is disposed 
in the carriage moving direction (main scanning direc- 
tion) instead of the convey direction (sub sub-scanning 
direction). Printing position adjustment (registration 
alignment) between the head units 1 2 and 1 3 in the car- 
riage moving direction corresponds to the control per- 
formed by the registration unit 33 and output control unit 
34 in 

[0122] Fig. 5. In the SMS processing performed by the 
SMS processing unit 32, as in the above case, image 
data are uniformly distributed to the printheads F1 to F8 
of the first head unit 12 and the printheads R1 to R8 of 
the second head unit 1 3. 

[0123] As in the previous case : the masking process- 
ing performed by the output control unit 33 is used to 
distribute image data for forward printing and backward 
printing, and the printing medium is conveyed in units of 
half bands. With this operation, as shown in Fig. 25, an 
image is formed on each line by a combination of four 
scanning operations, i.e., forward printing by the first 
head, backward printing by the first head, forward print- 
ing by the second head, and backward printing by the 
second head. For the sake of clarity, Fig. 25 separately 
show printing by the first head and printing by the sec- 
ond head. In actual printing, however, these printing op- 
erations overlap. 

[0124] As described above, the application of the 
present invention to the case in which two printheads 



for the same ink colors are contiguously disposed in the 
main scanning direction hinders the differences in char- 
acteristics between forward printing and backward print- 
ing from influencing images, and can suppress 1-band 

s irregularity in the prior art as well as the influences of 
discharge failures of nozzles and ramp of print paper. 
[0125] Although the order of forward printing and 
backward printing in each half-band area is reversed in 
units of half bands, this order of printing has little influ- 

10 ence on image quality. 

[0126] As is obvious from the above description, even 
iMhe> inter-unit gap E> of* two ? head* spaced* apart from 
each other in the convey direction is not (2n + 1 ) x H/2, 
4-pass printing can be implemented by the control per- 

15 formed by the registration unit 33 and output control unit 
34. In this case as well, almost the same effect as de- 
scribed above can be obtained. 

<lnternal Arrangement of Print Head and Control 
20 Method> 

[0127] The manner in which aprinthead discharge ink 
from its nozzles in accordance with image data input 
from the output control unit 34 will be described in detail 
25 next. The following description applies to all the print- 
heads of this apparatus. 

[0128] Figs. 2A to 2E show the internal arrangement 
of a printhead and a time-division driving scheme. Fig. 
16 is a circuit diagram showing part of the internal ar- 

30 rangement of the printhead. Fig 1 7 is a timing chart for 
explaining control on the printhead. 
[0129] As shown in Fig. 2A, in this embodiment, each 
printhead has 1,408 nozzles. The 1,408 nozzles are 
grouped into 11 blocks (to be referred to as chips) each 

35 having 128 nozzles. Of the 1,408 nozzles, 1,360 noz- 
zles, from nozzle 25 to nozzle 1 384, are called effective 
nozzles. Of the 1 ,360 effective nozzles, 1 ,344 continu- 
ous nozzles are called print nozzles (nozzle 33 to nozzle 
1 376 in Fig. 2A) . In practice, only the print nozzles form 

40 a print image in print operation. Nozzles corresponding 
to the difference between the number of effective noz- 
zles (1,360) and that of print nozzles (1,344) are used 
for registration in the convey direction of print paper (to 
be referred to as vertical registration). Note that vertical 

45 registration is performed by relatively shifting 2- or 
4-pass image data obtained by the output control unit 
34 and the sync signal BJ_VE. More specifically, image 
data in an enable (HIGH) interval of the signal BJ_VE 
includes 1,408 pixels, and a print image consists of 

50 1,344 pixels. 32 pixels before and after the print image 
are non-print data n 0". Vertical registration is performed 
by setting an amount by which this print image is de- 
layed or advanced with respectto'the signal BJ_VE in 
accordance with the vertical registration amount by us- 

55 ing the clock 1T. 

[01 30] Fig. 1 6 mainly shows the internal arrangement 
of chip 11 of the printhead. Referring to Fig. 16, refer- 
ence numeral 70 denotes a 128-bit shifter register; 71, 
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a 128-bit data latch for latching 128 bits from the shift 
register 70; 72 to 79, AND circuits; 80 to 83, OR circuits; 
84, a 4-input/16-output decoder; 85 to 88, AND circuits; 
89 to 92, transistor circuits; and 93 to 96, heating units 
corresponding to the respective nozzles. The bases of s 
the transistor circuits 89 to 92 are respectively connect- 
ed to the output terminals of the AND circuits 85 to 88. 
The emitters of the transistor circuits 89 to 92 are con- 
nected to a heating ground HGND (to be paired with a 
heating power supply). The collectors of these transistor 10 
circuits are respectively connected to the heating units 
93»to ; 96. One en d of each of the heating u n its '93 to 96 
is connected to a heating power supply VH. 
[0131] One input terminal of each of the AND circuits 
85 to 88 is connected to the output terminal of the de- is 
coder 84. The decoder 84 receives signals HT_ENB0 
to HT_ENB3. These signals are used to shift the dis- 
charge timings of ink from the nozzles 1281 to 1408. 
[0132] The other input terminal of each of the AND 
circuits 85 to 88 is connected to a corresponding one of 20 
the output terminals of the OR circuits 80 to 83. The out- 
puts of the OR circuits 80 to 83 are set at "1 " when sig- 
nals MH11 and MH_ENB11 and all image data for the 
corresponding nozzles are set at "1" or signals PH11 
and PH_ENB11 and all image data for the correspond- 25 
ing nozzles are set at "1 ". In this case, the signals PH 1 1 
and MH11 represent pre-heating and main heating (so- 
called double pulse heating scheme) for chip 11. The 
signals MH_ENB11 and PH_ENB11 are enable signals 
for main heating and pre-heating for chip 11 , respective- 30 
ly. 

[0133] Outputs ENBO to ENB15 from the decoder 84 
are periodically connected to the AND circuit 88 corre- 
sponding to nozzle 1281 of chip 11 and the AND circuit 
87 corresponding to nozzle 1 296 in units of 1 6 nozzles. 35 
[0134] Referring to Fig. 17, of nozzles 1281 to 1408, 
only nozzles 1408, 1393, 1296, and 1281 are represent- 
atively shown. Since the remaining nozzles are identical 
to the above nozzles, an illustration thereof is omitted. 
In addition, the remaining chips 1 to 10 are identical to 40 
chip 11 , a description thereof will be omitted. 
[0135] Signals CLK, I DATA, D_LAT, HT_ENB0 to 
HT_ENB3, HGND, and VH are common to chips 1 to 
11, and I DATA, in particular, is connected to an output 
ODATA from each preceding chip. Data transfer opera- 45 
tion and driving operation will be described next with ref- 
erence to Figs. 16 and 17. Fig. 17 is a timing chart of 
driving signals for the printhead F1 in 2-pass printing. 
[0136] Upon reception of the image data FH1 to FH8 
and RH1 to RH8 (or FFW1 to FFW8, FBW1 to FBW8, so 
RFW1 toRFWB, andRBWI to RBW8) for the respective 
printheads from the image processing unit 11, together 
with sync signals BJ_BVE_F1 to BJ_BVE_F8, 
BJ_BVE_R1 to BJ_BVE_R8, BJ_VE_F1 to BJ_VE_F8, 
and BJ_VE_R1 to BJ_VE_R8, and the image clock 1 T, ss 
the head driving units 20 and 21 perform driving opera- 
tion independently for the respective printheads to 
transfer the image data to the respective heads and dis- 



charge ink. 

[01 37] The head driving unit for the head F1 connects 
the image data FH1 to I DATA for the head F1 , and con- 
nects the signal obtained by ANDing the image clock 1T 
and the signals BJ_BVE1 and BJ_VE1 to CLK for the 
head F1 . The head driving unit then transfers the image 
data F1 for the first BJ raster (corresponding to 1,408 
pixels) to the shift register 70 (chips 1 to 1 1 ) in synchro- 
nism with the trailing edge of CLK. 
[0138] This data F1 is latched by the data latch 71 
(chips 1 to 11) in the time interval between the trailing 
edgeof the signal BJ^VEl in a HIGH interval of the sig- 
nal BJ_BVE1 and the signal D_LAT with one shot 
(width : 1T) . In the next HIGH interval of the signal 
BJ_VE1, printing is performed in accordance with the 
image data for the first BJ raster which is latched while 
BJ raster is transferred in the same manner. Subse- 
quently, printing is performed in units of BJ rasters. 
[0139] Assume that image data is "1", MH_ENB1 to 
MH_ENB11 = 1, MH1 to MH11 = 1 : and one of the out- 
puts ENBO to ENB15 from the decoder 84 is "1 ". In this 
case, one of the outputs from the AND circuits 85 to 88 
becomes "1 n , and a corresponding one of the transistor 
circuits 89 to 92 is turned on. As a consequence, a cur- 
rent flows in a corresponding one of the heating units 
93 to 96. The heating unit in which the current flows gen- 
erates heat, and ink is discharged from the correspond- 
ing nozzle. In this case, for the sake of simplicity, as the 
signals MH_ENB1 to MH_ENB11, PH_ENB1 to 
PH_ENB11, MH1 to MH11, and PH1 to PH11, signals 
common to all the chips are respectively input. The sig- 
nals HT_ENB0 to HT_ENB3 are signals for designating 
the order in which discharge timings for the BJ rasters 
are shifted, and are used for a time-division driving 
method. 

<Time-Division Driving Method for Print Head> 

[0140] When the above circuit is used to control dis- 
charging of ink from the nozzles of each chip, the 128 
nozzles of one chip are grouped in 16 nozzles. The 16 
nozzles of each group discharge ink at different timings. 
The conventional time-division driving scheme is a tech- 
nique of reducing the load of a power supply by reducing 
the peak value of a current required to driving a print- 
head. I n contrast to this, the time-division driving method 
of this embodiment is a technique of reducing the influ- 
ences of vibrations of ink in a head upon discharging of 
ink droplets and improving the ink spreading character- 
istics of the head by driving the adjacent nozzles at 
greatly different timings. 

[0141] The time-division driving method for print- 
heads will be described by taking the printhead F1 as a 
representative with reference to Figs. 2B, 16, 18, and 
19A to 19E. 

[01 42] Fig. 1 8 is a timing chart for explaining the time- 
division driving method for printheads in 2-pass printing. 
[01 43] Figs. 1 9A to 1 9E are circuit diagrams showing 
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a control circuit for generating signals required to per- 
form time-division driving in 2-pass printing 
[0144] Referring to Fig. 2B : the abscissa represents 
the time axis; and the ordinate, the positions of 16 noz- 
zles. Fig. 2B shows a case wherein continuous 16 noz- 
zles of the 128 nozzles in one chip discharge ink at dif- 
ferent timings. Assume that the continuous 16 nozzles 
are defined as nozzles 1 to 16, as shown in Fig. 2A. First 
of all, nozzle 1 is driven. The remaining nozzles are then 
sequentially driven in the order of nozzle 10, nozzle 3, 
nozzle 12, nozzle 5,.... That is, the discharge order of 
the 16^continuous> nozzles (nozzles' V to 16)- is set' as 
follows: (nozzle) 1, 10, 3, 12, 5, 14, 7, 16, 9, 2, 11, 4, 13, 
6, 15, and 8. Therefore, the difference between the ad- 
jacent nozzles within one head in the discharge order 
corresponds to half of the number of nozzles (16) and 
±1, i.e., 7 or 9, and the interval between nozzles that 
discharge ink at the same time corresponds to 16. 
[0145] In this case, the driving method has been de- 
scribed by taking only the 16 continuous nozzles. Con- 
sider the regularity of driving nozzles in a macroscopic 
viewpoint. After nozzle 1 is driven, nozzle 10 (i.e., 1 + 
9) is driven. After nozzle 10, nozzle 19 (i.e., 10 + 9) is 
driven. After nozzle 1 9, nozzle 28 (i.e., 19 + 9) is driven. 
In this manner, every time a given nozzle is driven, a 
nozzle 9 nozzles succeeding the given nozzle is driven. 
Since every 16 nozzles are driven at the same timing, 
when, for example, nozzle 19 is driven, nozzle 3 (i.e., 
19 - 16) : nozzle 35 (i.e., 19 + 16), ... are driven at once. 
That is, a group of nozzles expressed by nozzles (19 + 
16 x i) (where i is an integer) are simultaneously driven. 
Therefore, in on head, 88 nozzles located at intervals of 
16 nozzles simultaneously discharge ink. 
[0146] Generation of signals {HT_ENBO to 
HT_ENB3, in particular) associated with time-division 
driving and the timings of the signals will be described 
with reference Figs. 18 to 19E. 

[0147] The signals HT_ENB0 to HT_ENB3 for desig- 
nating the order of division driving with respect to a print- 
head are expressed by 4-bit data having HT_ENB3 as 
the most significant bit and are generated within one BJ 
raster in the order of 0, 9, 2, 11, 4, 13, 6, 15, 8, 1 , 10, 3, 

12, 5, 14, and 7, as shown in Fig. 18. In accordance with 
the generated signals HT_ENB0 to HT_ENB3, the sig- 
nals EN B0, ENB9, ENB2, ENB11, ENB4, ENB13, 
ENB6, ENB15, ENB8, ENB1, ENB10, ENB3, ENB12, 
ENB5, ENB14, and ENB7 are sequentially set to "1 " (ac- 
tive) by the decoder 84 in the printhead F1 to sequen- 
tially drive nozzles 1, 10, 3, 12, 5, 14, 7, 16, 9, 2, 11, 4, 

1 3, 6, 1 5, and 8 in the order named, thereby discharging 
ink. Like these 16 nozzles, 88 blocks are time-division- 
ally driven at once in the printhead F1 . Similarly, nozzles 
are divisionally driven for the subsequent BJ rasters in 
the same manner. 

[01 48] Figs. 1 9A to 1 9E show a signal generating cir- 
cuit. A counter 101 frequency-divides 1T (having a fre- 
quency of 10 MHz in this case) to generate a signal 
ENB_CK (having a frequency of 125 kHz obtained by 



frequency-dividing 1T by 80) during an interval of 
BJ_VE1 = 1 (Fig. 19). This signal ENB_CK defines a 
divisional driving cycle. In this case, since this signal has 
a frequency of 125 kHz, the cycle is 8 u,s. The leading 

5 edge of the signal ENB_CK is synchronized with the 
leading edge of the signal BJ_VE1 = 1. It is important to 
set cycle Tf of BJ_VE1 > image data transfer time Ts > 
total time Th of divisional driving. For the sake of de- 
scriptive convenience, assume that Th = 8 jis x 1 6 = 1 28 

10 us, Ts = 1 408/(1 0 MHz) = 1 40.8 u.s, Tf = 1/(4 kHz) = 250 
MS. 

[0149] When a counter-' 102* counts : up* this* signal 
ENB_CK (4-bit up counter to clear synchronization), the 
counter output (least significant bits Qa ; Qb, Qc, and 
15 Qd) changes from 0 to 1 : 2, 3,..., 15, and the counter 
102 outputs Qa as HT_ENB0, Qb as HT_ENB1 , and Qc 
as HT_ENB2. As HT_ENB3, a selector 105 selects Qa 
or a signal obtained by inverting Qa through an inverter 
104 (Fig. 19B). 

20 [0150] The selector 105 uses the output Qd from the 
counter 102 as a selection signal S. In the first half in- 
terval corresponding to eight clocks ENB_CK, when Qd 
= 0, the selector 1 05 selects the B side, and Qa is output 
as HT_ENB3. In the second half interval corresponding 

25 to eight clocks ENB_CK, when Qd = 1 , the selector 105 
selects the A side, and an inverted signal of Qa is output 
as HT_ENB3 (see the waveforms of the respective sig- 
nals HT_ENB0 to HT_ENB3 in Fig. 18). 
[01 51] A ripple carry RCO from the counter 1 02 is out- 

30 put at the 16th clock ENB_CK (count value is 15) and is 
used by a circuit 1 03 to clear CNT_ENB to 0. CNT_ENB 
is set to "1" when BJ_BVE1 = 1 and BJ_VE1 = 1. The 
circuit 103 generates CLR* by synchronizing CNT_ENB 
with the trailing edge of ENB_CK and inputs it to the 

35 CLR* terminal of the counter 1 02. This circuit generates 
the signals HT_ENB0 to HT_ENB3 as signals repre- 
senting a sequence of 0, 9, 2, 11, 4, 13, 6, 15, 8, 1, 10, 
3, 12, 5, 14, and 7 within one BJ raster, as shown in Fig. 
18. 

40 [0152] In this case, a logic circuit including counters 
and the like generates the signals HT_ENB0 to 
HTJENB3. However, the signals HT_ENB0 to 
HT_ENB3 can also be generated by storing the gener- 
ated data 0, 9, 2, 11, 4, 13, 6, 15, 8, 1, 10, 3, 12, 5, 14, 

45 and 7 in a semiconductor memory and reading out the 
data at the timings of the sync signals BJ_BVE1, 
BJ_VE1, and ENB_CK. 

[0153] The generation of other signals used for the 
printhead F1 will be briefly described below. 
50 [0154] As shown in Fig. 19C, an AND circuit 106 gen- 
erates the image data transfer clock CLK by ANDing 
BJ_BVE 1 , BJ_VE 1 , and 1 T 

[0155] As shown in Fig. 19D, the signal D_LAT used 
to latch image data in the data latch 71 is obtained by 
55 generating by an inverter 109, flip-flop 110, and AND 
circuit 111 one shot corresponding to the 1T width from 
the trailing edge of a signal obtained when an AND cir- 
cuit 108 ANDs BJ_VE1 and a signal obtained by shifting 
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BJ_BVE1 by one at the leading edge of BJ_VE1 through 
a flip-flop 107. 

[0156] For the sake of simplicity, as each of the sig- 
nals MH_ENB1 to MH_ENB11 and PH_NB1 to 
PH_ENB1 1 respectively used as enable signals for main s 
heating and pre-heating, a signal obtained by shifting 
the output from the flip-flop 107 by one at the trailing 
edge of BJ_VE1 through a flip-flop 113 is used. 
[0157] As shown in Fig. 1 9E, the main heating signals 
MH1 to MH11 and pre-heating signals PH1 to PH11 are 10 
generated by a pulse generating circuit 114. Although a 
detailed descriptoroMhe circuit will beomitted, the^ge^ 
eration timing of these signals is based on the leading 
edge of ENS_CK in an interval during which CNT_ENB 
= 1 , and the waveforms shown in Fig. 18 are generated is 
with a resolution of 1T (10 MHz) within each division 
driving period (8-u.s cycle). This pulse width, the interval 
between main heating and pre-heating : and the like are 
set by the control unit 5 in advance. Note that main heal- 
ing and pre-heating must be performed within an 8-u.s 20 
cycle. 

<High-Speed 4-Pass Mode> 

[0158] In performing time-division driving in 4-pass 25 
printing, when nozzles are driven at the same discharge 
timing as that in Fig. 2B, ink is discharged from the noz- 
zles in one BJ raster at the timings of 0 : 1 , 4, 5, 8, 9, 12, 
and 13 (or 2, 3, 6, 7, 9, 10, 14, and 15) . That is, 8-divi- 
sion driving is performed as time-division driving by us- 30 
ing 16 pulses. 

[0159] If the time-division timings in 4-pass printing 
are changed to those shown in Figs. 2C and 2D in ac- 
cordance with the masks shown in Figs. 1B and 1C, 
printing for one BJ raster can be performed by using 3S 
eight pulses. Therefore, high-speed printing can be per- 
formed by doubling the scanning speed of the carriage 
without changing the divisional driving cycle. This can 
prevent a decrease in printing speed as compared with 
2-pass printing, and can improve the image quality in 40 
4-pass printing at almost the same printing speed as that 
of 2-pass printing. 

[0160] A method of performing 4-pass printing at a 
high speed by using the above time-division driving 
scheme will be described below with reference to Figs. 45 
2D, 2E, 3, and 20. 

[0161] Fig. 3 is a timing chart for explaining the time- 
division driving scheme for high-speed printing of the 
printing apparatus. 

[0162] Fig. 20 is a circuit diagram showing a control so 
circuit for generating signals required to perform time- 
division driving in 4-pass printing. 
[0163] In the double speed mode, the control unit 5 
instructs the carriage motor driving unit 1 4 to double the 
number of revolutions in a constant-speed region in 55 
trapezoidal waveform driving operation. The carriage 
motor driving unit 1 4 then moves the carriage unit 18 at 
the double speed through the carriage motor 15. The 



encoder unit 8 detects the movement of the carriage unit 
18 and generates the sync signal BASE-VE. In this 
case, the moving speed in the normal mode is 282 mm/ 
s, which is the result of the frequency (4 kHz) and res- 
olution (70.5 urn) of BASE_VE (ditto for BJ_VE1). In the 
double speed mode, the moving speed is 564 mm/s, and 
the frequency of BASE_VE (ditto for BJ_VE1 ) is 8 kHz. 
It is therefore important to set cycle Tf/2 of BJ_VE1 > 
image data transfer time Ts/2 > total time Th/2 of divi- 
sional driving. Assume that in this case, Th/2 = 8 u.s x 8 
= 64 u.s, Ts = 1408/(20 MHz) = 70.4 |is, and Tf = 1/(8 
kHz) ~ 125- pis. That* is- th*e ! ntimberof divisional*driving y 
operations is reduced from 1 6 to 8, and the image trans- 
fer rate is increased from 10 MHz to 20 MHz. 
[0164] In the double speed mode, the control unit 5 
instructs the image clock 1T generating unit (in the im- 
age memory unit 30 or output control unit 34) to gener- 
ate the clock IT having a double frequency (increase 
the frequency from 1 0 MHz to 20 MHz in this case), and 
the image processing unit 11 operates in the same man- 
ner as described above in synchronism with the double- 
speed clock 1T (20 MHz). Therefore, the image 
processing unit 1 1 uses fast electric elements to operate 
at the double speed, and performs parallel processing. 
In addition, the control unit 5 notifies the head driving 
units 20 and 21 of the double speed mode. The head 
driving units 20 and 21 then perform high-speed divi- 
sional driving (thinning divisional driving) to be de- 
scribed below. 

[0165] In the double speed mode, divisional driving 
modes are alternately switched in units of two BJ rasters 
in accordance with the masks in Figs. 1B and 1C. Re- 
ferring to Fig. 3, the divisional driving timing in the dou- 
ble speed mode is written in the first BJ raster and third 
BJ raster. The driving timing in the second BJ raster is 
the same as that in the first BJ raster, and the driving 
timing in the fourth BJ raster is the same as that in the 
third BJ raster. In the first BJ raster, the signals 
HT_ENB0 to HT_ENB3 for divisional driving control are 
sequentially generated in the order of 0, 9, 4, 13, 8, 1, 
12, and 5 to activate divisional driving in the order of 
nozzles 1 , 1 0, 5, 1 4, 9, 2, 1 3, and 6, as shown in Figs. 
2A to 2E. If image data for each of these nozzles is "1 
ink is discharged. Nozzles 3, 4, 7, 8, 11, 12, 15, and 16 
for which divisional driving is inactivated discharge no 
ink regardless of image data. In the third BJ raster, the 
signals HT_ENB0 to HT_ENB3 are sequentially gener- 
ated in the order of 2, 11,6, 15, 10, 3, 14, and 7 to ac- 
tivate divisional driving in the order of nozzles 3, 12, 7, 
16, 11,4, 15, and 8. Since masks are toggled for every 
scanning, the mode of sequentially generating the sig- 
nals HT_ENB0 to HT_ENB3 in the order of 0, 9, 4, 13, 
8, 1 , 12, and 5 and the mode of sequentially generating 
the signals HT_ENB0 to HT_ENB3 in the order of 2, 11 , 
6, 15, 10, 3, 14, and 7 are switched for every scanning 
in printing data for the first BJ raster. 
[0166] A method of generating the signals HT_ENB0 
to HT_ENB3 will be described with reference to Fig. 20. 
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The counter 101 frequency-divides 1T (having a fre- 
quency of 20 MHz because of the double speed mode) 
in the interval during which BJ_VE1 = 1 to generate 
ENS_CK (having a frequency of 250 MHz by frequency- 
dividing 1T by 80). Two clocks of ENS_CK define a di- 5 
visional driving cycle. When a counter 120 (4-bit up 
counter designed to clear synchronization) counts up 
ENB_CK, the counter output (least significant bits Qa, 
Qb, Qc, and Qd) changes from 0 to 1 , 2, and 3 to 1 5. As 
a consequence, Qb and Qc are respectively set as 
HT_ENB0 and HT_ENB2, and Qb or a signal obtained 
by^ inverting* Qb through an inverter 1 21 is selected «as*- 
HT_ENB3. HT_ENB1 is generated by a circuit 123 in 
accordance with the BJ raster count. The selector 122 
uses the output Qd from the counter 1 20 as the selection 
signal S. In the first half interval corresponding to the 
eight clocks ENB_CK, when Qd = 0, the selector 122 
selects the B side, and Qb is output as HT_ENB3. In the 
second half interval corresponding to the eight clocks 
ENB_CK, when Qd = 1, the selector 122 selects the A 
side, and an inverted signal of Qb is output as 
HT_ENB3. The counter 120 outputs the ripple carry 
RCOat 16th ENS_CK (count value is 15), the circuit 123 
clears CNT_ENB to 0 in accordance with the output 
RCO. 

[0167] In the circuit 123, CNT_ENB is set to "1" when 
BJ_BVE1 = 1 and BJ_VE1 = 1. In addition, the circuit 
123 generates CLR* by synchronizing CNT_ENB with 
the trailing edge of ENB_CK. CLR* is input to the CLR* 
terminal of the counter 120. The circuit 123 toggles 
HT_ENB between 0 and 1 in units of two BJ rasters by 
counting BJ_VE1 in BJ_BVE1 = 1. The initial value for 
this toggling is determined by the signal MASK indicat- 
ing inversion/non-inversion of the mask. When MASK = 
0, the initial value is 0, whereas when MASK = 1, the 
initial value is 1 . As a consequence, mask inversion is 
performed in accordance with the value of the signal 
MASK. 

[0168] In this manner, the waveforms of HT_ENB0 to 
HT_ENB3 are formed as shown in Fig. 3 in one BJ 
raster, and HT_ENB0 to HT_ENB3 change from 0 to 9, 
4, 13, 8, 1 , 12, and 5 in accordance with the values of 
these signals. 

[0169] The signals HT_ENB0 to HH_ENB3 are gen- 
erated by the logic circuit constituted by counters and 
the like. However, HT_ENB0 to HH_ENB3 can also be 
generated by storing two groups of 0, 9, 4, 1 3, 8, 1 , 12, 
and 5 and 2, 11,6, 15, 10, 3, 14, and 7 as generation 
data in a semiconductor memory, determining which 
group is to be read out first in accordance with the mask, 
and reading out the group at the timing of the sync sig- 
nals BJ_BVE1, BV_VEI, and ENB_CK. 
[0170] The circuit for generating other signals used for 
the printhead F1, i.e., CLK, D_LAT, PH_ENB1 to 
PH_ENB16, and MH_ENB1 to MH_ENB16 is the same 
as that in the normal speed mode, but the period of the 
waveform of each generated signal is reduced to 1/2. 
Since the frequency of IT has been doubled, PH1 to 



PH11 and MH1 to MH11 are generated by the pulse gen- 
erating circuit by frequency-dividing IT by two. 
[0171] As described above, since the ratio of the total 
time of divisional driving to the cycle of BJ_VE 1 remains 
Th/Tf (128/250 in the description), the landing range of 
ink droplet for one BJ raster in divisional driving-remains 
unchanged in the X direction (Figs. 2C and 2D). In ad- 
dition, as shown in Fig. 2D, by shifting the start of divi- 
sional driving with respect to BJ_VE1 (by delaying it by 
one ENB_CK1 cycle to the right) when MASK = 1, the 
landing position can be made similar to that in the nor- 
mal speed mode. 

[0172] For the sake of descriptive convenience, divi- 
sional driving has been described by using forward print- 
ing as an example. When backward printing is to be per- 
formed, the registration unit 33 sets the origin in a read 
at the upper right end in correspondence with reciprocal 
printing, in which the origin in forward printing is set at 
the upper left end. If, therefore, the print width W is a 
multiple of four pixels, mask inversion need not be per- 
formed in forward printing and backward printing, and 
the initial value of HT_ENB1 remains the same. If two 
pixels are left when the print width W is divided by four, 
the signal MASK must be switched in forward printing 
and backward printing. If the print width W is a value 
other than the above values, fraction processing is re- 
quired. Note that since the mask for the head R1 is ob- 
tained by inverting the mask for the head F1 , the initial 
value of HT_ENB1 is inverted with respect to the initial 
value for the head F1 by changing the value of the signal 
MASK. 

[0173] The landing positions in the reciprocal printing 
can be made unchanged by reversing the order of divi- 
sional driving in backward printing with respect to that 
in forward printing. In backward printing, the order of di- 
visional driving at the first BJ raster is 5, 12, 1 , 8, 13, 4, 
9, 0, and 3, the order of divisional driving at the third BJ 
raster is 7 : 14, 3, 10, 15, 6, 11, and 2, and the order of 
divisional driving at the last BJ raster is the same as that 
at the third BJ raster. HT_ENB0 to HT_ENB3 for desig- 
nating the order of divisional driving in BW can be gen- 
erated by a circuit similar to the circuit for generating 
HT_ENB0 to HT_ENB3 in FW. More specifically, 
HT_ENB0 and HT_ENB2 in BW are the inverse of 
HT_ENB0 and HT_ENB2 in FW, and HT_ENB1 and 
HT_ENB3 in BW are the same as HT_ENB1 and 
HT_ENB3 in FW. 

[0174] Fig. 21 shows another example of the circuit 
which can be used as part of the internal arrangement 
of the printhead. This circuit is basically the same as that 
shown in Fig. 16 except that one chip incorporates two 
64-bit shift registers 1 30 and 1 31 , and there are two im- 
age data input terminals for IDATA1 and IDATA2. In ac- 
cordance with 4-pass masks, in two pixel cycles, the 
shift register 1 30 stores image data of the 1 st pixel, 2nd 
pixel, 5th pixel, 6th pixel,... , and the shifter register 131 
stores image data of the 3rd pixel, 4th pixel, 7th pixel, 
8th pixel, ... A data latch 132 makes the image data in 
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the shift registers 130 and 131 correspond to nozzles 
1281 to 1408. Since this circuit has two registers and 
two input terminals, the transfer clock CLK to the image 
data printhead need not be changed from the normal 
frequency. In addition, since only necessary data is read 
out from the registration unit 33 of the image processing 
unit 11 , even if the double speed mode is set, the image 
processing and transfer rate between the registration 
unit 33 and the printhead need not be doubled. In 4-pass 
printing, write processing between the image memory 
unit 30 and the registration unit 33 corresponds to only 
one- band in one scanning operation for every two scan- 
ning operations. When the double speed mode is set, 
therefore, the need for increasing the image processing 
speed can be eliminated by prolonging the processing 
time to the extent that 1-band processing is completed 
in two scanning operations. With this circuit, there is no 
need to use fast electric elements or perform parallel 
processing. Double-speed 4-pass printing can be per- 
formed with a hardware arrangement having the same 
ability as that of the hardware arrangement used for 
2-pass printing in the prior art. 

[0175] In the above embodiment, to perform 4-pass 
printing, the SMS processing unit distributes print data, 
and the output control unit further distributes image data 
for forward printing and backward printing by using 
masks. However, a means for distributing four image da- 
ta is not limited to this. A method of using four types of 
masks may be used. By performing SMS processing, 
the printheads can be uniformly used. With a combina- 
tion of this processing and mask processing, switching 
between the 2-pass and 4-pass print modes is facilitat- 
ed. In addition, in the description of time-division driving, 
only 16-division driving has been described. However, 
time-division driving that can be applied to the present 
invention is not limited to this. For example, 8-division 
driving or 4-division driving may be applied to the 
present invention. 

[0176] If the time-division driving performed in the 
above embodiment is generalized, ink is discharged 
from the (9 x k + 1 ) + 16 x i = sth nozzle, and changes 
in s when 0, 1, 2, 3,..., 15 are sequentially substituted 
into k correspond to changes ol nozzles that continu- 
ously discharge ink. Note that i is an integer. 
[0177] Consider generation of driving other than 
16-division driving as well. When time-division driving 
control is performed such that nozzles are simultane- 
ously driven at intervals of 2 n nozzles and the second 
nozzle to be driven continuously after a given first nozzle 
is driven is located at the ((2 n /2 + 1 ) + 2 n ) x i)th position, 
both the spatial locations of nozzles from which ink is 
discharged continuously in terms of time and the time 
allocations in which ink is discharged from spatially ad- 
jacent nozzles can be uniformly distributed. 
[0178] In the above embodiment, liquid droplets dis- 
charged from the printheads are ink droplets. However, 
the liquid droplets are not limited to ink droplets. For ex- 
ample, the liquid droplets may be liquid droplets to be 



discharged to improve the fixing property or water re- 
sistance of printed images or improve the image quality. 
[0179] Of various ink-jet print systems, the above em- 
bodiment has a means (e.g., an electrothermal convert - 

s er or laser light) for generating heat energy as energy 
used to discharge ink, and changes the state of ink by 
using the heat energy. According to this system, a high- 
density, high-definition print operation can be realized. 
[0180] As for the typical structure and principle, it is 

10 preferable that the basic structure disclosed in, for ex- 
ample, U.S. Patent No. 4,723,129 or 4,740,796 is em- 
ployed. The above method can be adapted to both a so- - 
called on-demand type apparatus and a continuous type 
apparatus. In particular, a satisfactory effect can be ob- 

75 tained when the on-demand type apparatus is employed 
because of the structure arranged in such a manner that 
one or more drive signals, which rapidly raise the tem- 
perature of an electrothermal converter disposed to face 
a sheet or a fluid passage which holds the fluid (ink) to 

20 a level higher than levels at which film boiling takes 
place are applied to the electrothermal converter in ac- 
cordance with print information so as to generate heat 
energy in the electrothermal converter and to cause the 
heat effecting surface of the printhead to take place film 

2S boiling so that bubbles can be formed in the fluid (ink) 
to correspond to the one or more drive signals. The en- 
largement/contraction of the bubble will cause the fluid 
(ink) to be discharged through a discharging opening so 
that one or more droplets are formed. If a pulse shape 

30 drive signal is employed, the bubble can be enlarged/ 
contracted immediately and properly, causing a further 
preferred effect to be obtained because the fluid (ink) 
can be discharged while revealing excellent responsi- 
bility. 

3S [0181] It is preferable that a pulse drive signal dis- 
closed in U.S. Patent No. 4,463,359 or 4,345,262 is em- 
ployed. If conditions disclosed in U.S. Patent No. 
4,313,124 which is an invention relating to the temper- 
ature rising ratio at the heat effecting surface are em- 

40 ployed, a satisfactory print result can be obtained. 

[0182] As an alternative to the structure (linear fluid 
passage or perpendicular fluid passage) of the print- 
head disclosed in each of the above inventions and hav- 
ing an arrangement that discharge ports, fluid passages 

45 and electrothermal converters are combined, a struc- 
ture having an arrangement that the heat effecting sur- 
face is disposed in a bent region and disclosed in U.S. 
Patent No. 4,558,333 or 4,459,600 may be employed. 
In addition, the following structures may be employed: 

so a structure having an arrangement that a common slit 
is formed to serve as a discharge section of a plurality 
of electrothermal converters and disclosed in Japanese 
Patent Laid-Open No. 59-123670; and a structure dis- 
closed in Japanese Patent Laid-Open No. 59-1 38461 in 

55 which an opening for absorbing pressure waves of heat 
energy is disposed to correspond to the discharge sec- 
tion. 

[01 83] In addition, the invention is effective for a print- 
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head of a freely exchangeable chip type which enables 
electrical connection to the printing apparatus main 
body or supply of ink from the main device by being 
mounted onto the apparatus main body, or for the case 
by use of a printhead of the cartridge type provided in- 
tegrally on the printhead itself. 

[0184] It is preferred to additionally employ a print- 
head restoring means and the auxiliary means provided 
as the component of the present invention because the 
effect of the present invention can be further stabled. 
[0185] Specifically, it is preferable to employ a print- 
head capping means,* a cleaning means, a pressurizing 
or suction means, an electrothermal converter, an an- 
other heating element or a sub-heating means consti- 
tuted by combining them and a sub-emitting mode in 
which an emitting is performed independently from the 
print emitting in order to stably perform the print opera- 
tion. 

[0186] This printing apparatus may have not only the 
print mode of using only a main color such as black but 
also at least one of the mode of using a plurality of dif- 
ferent colors or the full-color mode based on color mix- 
ture, although the apparatus may have either an integral 
printhead or a combination of printheads. 
[0187] Although a fluid ink is employed in the above 
embodiment, an ink which is solidified at the room tem- 
perature or lower, or an ink which is softened or liquified 
at the room temperature may be used. 
[01 88] Alternatively, in the ink-jet scheme, the temper- 
ature of ink itself is generally adjusted in the range of 
30°C or higher to 70°C or lower to set the viscosity of 
the ink within the range in which the ink can be stably 
discharged. That is, any ink which is liquified when a 
print signal is supplied may be used. 
[0189] Furthermore, an ink which is solidified when it 
is caused to stand, and liquified when heat energy is 
supplied in accordance with a print signal can be adapt- 
ed to the present invention to positively prevent a tem- 
perature rise caused by heat energy by utilizing the tem- 
perature rise as energy of state transition from the solid 
state to the liquid state or to prevent ink evaporation. In 
any case, an ink which is liquified when heat energy is 
supplied in accordance with a print signal so as to be 
discharged in the form of fluid ink, or an ink which is 
liquified only after heat energy is supplied, e.g., an ink 
which starts to solidify when it reaches a printing medi- 
um, can be adapted to the present invention. In the 
above case, the ink may be of a type which is held as 
fluid or solid material in a recess of a porous sheet or a 
through hole at a position to face the electrothermal con- 
verter as disclosed in Japanese Patent Laid-Open No. 
54-56847 or Japanese Patent Laid-Open No. 60-7 1 260. 
It is the most preferred way for the ink to be adapted to 
the above film boiling method. 

[0190] In addition, the printing apparatus according to 
the present invention may be an integral or separate im- 
age output terminal of an information processing device 
such as a computer, or a copying machine combined 
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with a reader, or a facsimile apparatus having a trans- 
mission/reception function. 

[0191] The objects of the present invention are also 
achieved by supplying a storage medium, which records 

s a program code of a software program that can realize 
the functions of the above-mentioned embodiments to 
the system or apparatus, and reading out and executing 
the program code stored in the storage medium by a 
computer (or a CPU or MPU) of the system or appara- 

io tus. 

[0192] In this case, the program code itself read out 
from the storage medium realizes the functions of the 
above-mentioned embodiments, and the storage medi- 
um which stores the program code constitutes the 
75 present invention. 

[0193] As the storage medium for supplying the pro- 
gram code, for example, a floppy disk, hard disk, optical 
disk, magneto-optical disk, CD-ROM, CD-R, magnetic 
tape, nonvolatile memory card, ROM, and the like may 
be used. 

[01 94] The functions of the above-mentioned embod- 
iments may be realized not only by executing the read- 
out program code by the computer but also by some or 
all of actual processing operations executed by an OS 
(operating system) running on the computer on the ba- 
sis of an instruction of the program code. 
[0195] Furthermore, the functions of the above-men- 
tioned embodiments may be realized by some or all of 
actual processing operations executed by a CPU or the 
like arranged in a function extension board or a function 
extension unit, which is inserted in or connected to the 
computer, after the program code read out from the stor- 
age medium is written in a memory of the extension 
board or unit. 

[0196] According to the embodiment described 
above, a printing method and apparatus which can sup- 
press half band irregularity and implement high-image- 
quality printing can be provided. 

[0197] As many apparently widely different embodi- 
ments of the present invention can be made without de- 
parting from the spirit and scope thereof, it is to be un- 
derstood that the invention is not limited to the specific 
embodiments thereof except as defined in the append- 
ed claims. 



Claims 

1. A printing method of performing printing on a print- 
ing medium by using a first printhead(22) having a 
plurality of printing elements and a second print- 
head(23) having a plurality of printing elements for 
performing printing of the same color as that per- 
formed by said first printhead, characterized in com- 
prising: 

a first print step of scanning said first printhead; 
a second print step of scanning said first print- 
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head in a direction opposite to the scanning di- 
rection in the first print step; 
a third print step of scanning said second print- 
head; 

a fourth print step of scanning said second s 
printhead in a direction opposite to the scan- 
ning direction in the third print step; and 
a convey step of conveying the printing medium 
between the first and the second print steps, 
and between the third and the fourth print steps; to 
wherein an image in a predetermined area with- 
in a band formed by one scanning operation by 
all the printing elements of said first or second 
printhead is formed through the first to fourth 
print steps. is 

A printing method of performing printing on a print- 
ing medium(19) by reciprocally scanning a first 
printhead(22) having a plurality of printing elements 
and a second printhead(23) having a plurality of 20 
printing elements for performing printing of the 
same color as that performed by said first printhead, 
comprising: 

a distribution step of distributing image data 25 
printed in a predetermined area within a band 
formed by one scanning operation by all the 
printing elements of said first or second print- 
head, of all image data to be printed on the 
printing medium, as first data to be printed by 30 
said first printhead and second data to be print- 
ed by said second printhead; and 
an extraction step of extracting third and fourth 
data respectively used for forward printing and 
backward printing by said first printhead from 35 
the first data, and fifth and sixth data respec- 
tively used for forward printing and backward 
printing by said second printhead from the sec- 
ond data. 

40 

The method according to claim 1 or 2, wherein an 
amount by which the printing medium(19) is con- 
veyed in the convey step is half width of the band. 

The method according to claim 1 or 2, wherein said 45 
second printhead(23) is located downstream of said 
first printhead (22) in a convey direction of the print- 
ing medium. 

The method according to claim 4, wherein there is so 
a gap(D), corresponding to an integer multiple and 
one half of width(H) of the band, between said first 
and second printheads. 

The method according to any of claims 1 to 5, ss 
wherein said second printhead(23) is located down- 
stream of said first printhead in the scanning direc- 
tion. 



7. The method according to any one of claims 1 to 6, 
wherein the printing element includes an orifice for 
discharging ink. 

8. The method according to any one of claims 1 to 7, 
wherein the printing medium is cloth. 

9. The method according to claim 2, wherein the dis- 
tribution step comprises alternately distributing the 
image data as the first and second data. 

10. The method according to claim 2, wherern- the- ex- 
tract ion step comprises extracting the third and 
fourth data and fifth and sixth data from the first and 
second data, respectively, on the basis of predeter- 
mined mask patterns. 

11. A printing apparatus for performing printing on a 
printing medium by reciprocally scanning a first 
printhead(22) having a plurality of printing elements 
and a second printhead(23) having a plurality of 
printing elements for performing printing of the 
same color as that performed by said first printhead, 
characterized in comprising: 

distribution means(32) for distributing all image 
data to be printed on the printing medium as 
first data to be printed by said first printhead 
and second data to be printed by said second 
printhead; and 

extraction means (34) for extracting third and 
fourth data respectively used for forward print- 
ing and backward printing by said first printhead 
from the first data, and fifth and sixth data re- 
spectively used for forward printing and back- 
ward printing by said second printhead from the 
second data, 

wherein 4-pass printing is performed to form 
an image in a predetermined area within a band 
formed by one scanning operation by all the printing 
elements of said first or second printhead by print- 
ing the third, fourth, fifth, and sixth data. 

12. The apparatus according to claim 11, wherein an 
amount by which the printing medium(19) is con- 
veyed in the convey step is half width of the band. 

13. The apparatus according to claim 11 or 12, wherein 
said second printhead(23) is located downstream 
of said first printhead(22) in a convey direction of 
the printing medium(19) . 

1 4. The apparatus according to claim 1 3, wherein there 
is a gap(D), corresponding to an integer multiple 
and one half of width(H) of the band, between said 
first and second printheads. 
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40 



15. The apparatus according to claim 11 or 12, wherein 
said second printhead(23) is located downstream 
of said first printhead(22) in the scanning direction. 

16. The apparatus according to any one of claims 11 to s 

15, wherein when all the image data are divided into 
print data and non-print data, said distribution 
means uniformly distributes the print data as the 
first and second data. 

10 

17. The apparatus according to any one of claims 11 to 

16, wherein said extraction means extracts data by 
using a first mask in which areas to be allocated to 
the third and fourth data of the first data are prede- 
termined and a second mask in which areas to be '5 
allocated to the fifth and sixth data of the second 
data are predetermined. 

18. The apparatus according to claim 17, wherein said 
extraction means converts image data in an area 20 
allocated to the fourth data into non-print data on 

the basis of said first mask when extracting the third 
data from the first data, converts image data in an 
area allocated to the third data into non-print data 
on the basis of said first mask when extracting the 2s 
fourth data from the first data, converts image data 
in an area allocated to the sixth data into non-print 
data on the basis of said second mask when ex- 
tracting the fifth data from the second data, and con- 
verts image data in an area allocated to the fifth data 30 
into non -print data on the basis of the second mask 
when extracting the sixth data from the second da- 
ta. 

19. The apparatus according to claim 17, wherein said 35 
extraction means reads out no image data in an ar- 
ea allocated to the fourth data on the basis of said 
first mask when extracting the third data from the 
first data, reads out no image data in an area allo- 
cated to the third data on the basis of said first mask 40 
when extracting the fourth data from the first data, 
reads out no image data in an area allocated to the 
sixth data on the basis of said second mask when 
extracting the fifth data from the second data, and 
reads out no image data in an area allocated to the 45 
fifth data on the basis of said second mask when 
extracting the sixth data from the second data. 

20. The apparatus according to any one of claim 11 to 

1 9, wherein each of said first and second printheads so 
includes a plurality of printing elements, and 
said apparatus further comprises time-divi- 
sion driving means for simultaneously driving print- 
ing elements of said plurality of printing elements at 
intervals of 2 n printing elements, and driving a sec- 55 
ond group of printing elements each located at the 
((2 n /2 + 1) + 2 n x i)th (where n and i are integers, 
and n > 0) position with respect to an arbitrary one 



of a first group of printing elements continuously af- 
ter the first group of printing elements are driven. 

21. The apparatus according to any one of claims 11 to 
20, wherein said apparatus can perform 2-pass 
printing in which 

the first data is printed by scanning said first 
printhead in a single direction and the second 
data is printed by scanning said second print- 
head in a single direction, and 
further comprises selection means for selecting^ 
a 2-pass mode of performing the 2-pass print- 
ing or a 4-pass mode of performing the 4-pass 
printing. 

22. The apparatus according to claim 20, further com- 
prising: 

scanning control means(3) for switching scan- 
ning speeds of said printhead in accordance 
with the mode selected by said selection 
means; 

convey control means (3) for controlling con- 
veyance of the printing medium in accordance 
with the mode selected by said selection 
means; 

image processing means (11) for switching 
processing speeds/transfer times of image da- 
ta in accordance with the mode selected by said 
selection means; and 

divisional driving control means for switching 
divisional driving control on said printhead in 
accordance with the mode selected by said se- 
lection means. 

23. The apparatus according to any one of claims 11 to 

22, wherein the printing element includes an orifice 
for discharging ink. 

24. The apparatus according to any one of claims 11 to 

23, wherein the printing medium is cloth. 

25. A computer-readable memory storing a control pro- 
gram for a printing apparatus for performing printing 
on a printing medium by reciprocally scanning a first 
printhead having a plurality of printing elements and 
a second printhead having a plurality of printing el- 
ements for performing printing of the same color as 
that performed by said first printhead, characterized 
in comprising: 

a program module for the distribution step of 
distributing image data printed on lines in the 
respective scanning directions of said print- 
heads, of all image data to be printed on the 
printing medium, as first data to be printed by 
said first printhead and second data to be print- 



35 



5 09821 43A2J_> 



22 



41 



EP0 982 143 A2 



ed by said second printhead; and 
a program module for the extraction step of ex- 
tracting third and fourth data respectively used 
for forward printing and backward printing by 
said first printhead from the first data, and fifth 5 
and sixth data respectively used for forward 
printing and backward printing by said second 
printhead from the second data. 

26. A printing apparatus comprising control means for 10 
causing image data to be printed across a print re- 
gion of a recording medium to be distributee*- be- 
tween at least two print heads and between recip- 
rocal scans of each of the print heads whereby the 
image data is printed on the print region by carrying 1$ 
out at least four scans of the printing region. 

27. A control apparatus for a printing apparatus, the 
control apparatus comprising means for causing 
image data to be printed across a printing region of 20 
a recording medium to be distributed between at 
least two print heads and between reciprocal scans 

of each of the print heads whereby the image data 
is printed on the printing region by carrying out at 
least four scans of the printing region. 2s 

28. A computer program product such as a storage me- 
dium or signal carrying processor implementable in- 
structions for causing processing means of a print- 
ing apparatus to be configured to provide a printing 30 
apparatus having the features set out in any of 
claims 11, 12, 16, 17, 18, 19, 22 or 26 or for causing 
processing means to carry out a method in accord- 
ance with any one of claims 1, 2, 3, 9 or 10. 
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